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Treatment of primary N-2-(1,1-dichloroalkylidene)anilines with sodium methoxide in methanol under reflux
leads to nucleophilic substitution and a new type of the Favorskii rearrangement, yielding respectively N-2-(1,1-
dimethoxyalkylidene)anilines and cis N-aryl o,8-unsaturated imidates. The formation of the latter compounds is
explained by a cyclopropylidene amine intermediate, which is formed stereospecifically by disrotative closure of a
delocalized zwitterion. Secondary N-2-(1,1-dichloroalkylidene)anilines undergo three types of reaction, i.e., nu-
cleophilic substitution, a nonstereospecific Favorskii-like rearrangement, and a solvolysis leading to N-2-(1,3-
dimethoxyalkylidene)anilines. The influence of alkyl substitution, concentration of nucleophilic reagent, reaction
medium, nitrogen substituent, and substitution of the aromatic nucleus are discussed.

The base-induced skeletal rearrangement of a-halogeno
ketones to carboxylic acid derivatives is known as the Fa-
vorskii rearrangement,*® which is most reasonably ex-
plained in terms of a cyclopropanone intermediate.®” The
semibenzilic mechanism has been found to be important
for certain ketone substrates.® The direction of opening of
the cyclopropanone intermediate is influenced to a limited
extent by the base and by the carbanion stabilities® of the
cleavage intermediates and/or steric factors.'© The Favor-
skii rearrangement is often accompanied by solvolysis,
which is promoted by introduction of alkyl groups.}112

Recently!314 we described the Favorskii rearrangement
of 1,1-dichloro-2-alkanones 1la and 1b. Treatment of pri-
mary dichloromethyl ketones 1a with sodium methoxide in
methanol at ambient temperature gave rise to cis acrylic
esters 7a, next to a-chloromethyl esters 6a in increasing
amount with increasing R; group (Scheme I).

The stereospecificity was complete for primary dichloro-
methy! ketones la, while for secondary derivatives 1b the
ratio between cis and trans acrylic esters 7b depended on
the difference between both alkyl substituents. Introduc-
tion of an alkyl group at 3 position caused also solvolysis to
occeur, yielding varying amounts of 1-chloro-3-methoxy ke-
tones 10b (Scheme I). These reactions were in full agree-
ment with the mechanisms proposed by Bordwell and co-
workers,11:12

In order to compare the reactivity of these a,a-halo ke-
tones with their nitrogen analogues, we investigated N-2-
(1,1-dichloroalkylidene)anilines 11 and 12. Starting com-
pounds were prepared by chlorination of appropriate N-2-
(alkylidene)anilines with N-chlorosuccinimide as reported
in preceding papers.l:15

This paper deals with the reactivity of the first members
of the new class of a,a-dihalogenated ketimiines.

Results

As mentioned in the preliminary communication,® reac-
tions of primary N-2-(1,1-dichloroalkylidene)anilines 11
with nucleophilic reagents such as sodium methoxide in
methanol led to both nucleophilic substitution and to Fa-
vorskii-type rearrangement. Nucleophilic substitution af-
forded N-2-(1,1-dimethoxyalkylidene)anilines 13 while the
new type of the Favorskii rearrangement proceeded stereo-
specifically with formation of exclusively cis N-aryl a,8-
unsaturated imidates 15 (Table I).

Secondary N-2-(1,1-dichloroalkylidene)anilines 12 un-
derwent in addition to Favorskii rearrangement (16 and 18)
and nucleophilic substitution (14), also solvolysis, yielding
N-2-(1,3-dimethoxyalkylidene)anilines 17. In some cases
a,B-unsaturated imidates derived from secondary dichlo-
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romethylketimines 12 isomerized partly into §,y-unsatu-
rated compounds. All four a,8 and 8,y cis and trans isomers
were separated neatly by capillary column gas chromatog-
raphy (150 m, OVy). Besides the base and solvent men-
tioned, also less polar media (ether, diisopropyl ether) and
stronger bases (sodium ethylate, potassium tert-butylate)
were used. Results are compiled in Table II.
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Table I4
Reactivity of Primary Dichloromethylketimines 11
R’ R’
o, o o
N NaOCH,
R, Cl CH;OH R, OCH; )‘\=/
CH;0
Cl OCH;
1 13
Nucleophilic Conen N Reflux Starting
R, R’ reagent (equiv) time, hr material, % 13,% 15, %

11a i-Pr H NaQOCH,~CH,0H 0.5 (2) 32 0 48 48
11a i-Pr H NaOCH,~-CH,0H 1(2) 16 0 49 47
11a i-Pr H NaOCH,~-CH,OH 2.5 (2) 16 0 45 51
11a i-Pr H NaOCH,-Et,0 (10) 40 20 0 74
1la i-Pr H NaOCH,—i-Pr,0 (10) 32 0 0 92
11a i-Pr H KO-t-Bu—t-BuOH 1(2) 40 100 0 0
11a i-Pr H NaOEt-EtOH 1(3) 32 0 46d 28b
11b i-Pr CH, NaOCH,-CH,OH 1(2) 8 0 42 50
1ic i-Pr OCH, NaOCH,~-CH,OH 0.5 (3) 40 2 49 47
11c i-Pr OCH, NaOCH,-CH,0H 1(3) 40 0 49 46
11c i-Pr OCH, NaOCH,-CH,OH 2 (3) 24 1 47 46
11c i-Pr OCH, NaOCH,-Et,0 (10) 40 14 0 71
11d Et H NaOCH,-CH,OH 1(2) 24 0 55 20
11d Et H NaOCH,-CH,OH 2.5 (2) 24 0 59 19
11e t-Bu H NaOCH,-CH,OH 1(2) 32 45 43 0
11f n-Bu H NaOCH,~CH,QH. 1(2) 40 0 54 22
11g n-Pe H NaOCH,-CH,OH 1(2) 32 0 50 20
11g n-Pe H NaOCH,—~-CH,OH 2.5 (2) 24 0 38 16

a Compounds were determined by NMR spectrometry and gas chromatography as imino compounds or, after acidic
hydrolysis, as carbonyl compounds. # Corresponding ethoxy compounds.

Table IT2
Reactivity of Secondary Dichloromethylketimines 12

N© NaOCH, _ + N R, + N/©
CH OH
le)l\'/Cl OH g, \HH/OCHJ CH30)1\=< R, OCH,
R, R,
R, C R, OCHS 16. cis OCH;
12 18, trans 17
Starting 16 +18, %
Nucleophilic Concn, N Reflux material,
R, R, reagent: (equiv) time, hr % 14, % cis trans 17, %
12a CH, CH, NaOCH,~-CH,OH 1(4) 56 0 16 24 54
12a CH, CH, NaOCH,-CH,0H 2 4) 58 0 24 28 45
12a CH, CH, NaOCH,-Et,0 (10)- 96 65 0 12 0
12b Et CH, NaOCH,~-CH,OH 2 (3) 96 6 16 350 38
12¢ i-Pr CH, NaOCH,-CH,OH 1(4) 210 29 9 10 25 25
12¢ i-Pr CH, NaOCH,~CH,0H 2 (4) 164 9 21 14 34 19
12¢ i-Pr CH, NaOCH,~i-Pr,O0 (10) 60 100 0 0 0 0
12d Cyclohexy! NaOCH,-CH,OH 1(4) 127 26 26 23 21
12d Cyclohexyl NaOCH,~-CH,0H 2 (4) 103 0 50 28 20
12d Cyclohexyl NaOCH,-Et,0 (10) 24 100 0 0 0

a Compounds were determined by NMR spectrometry and gas chromatography as imino compounds or, after acidic hydro-
lysis, as carbonyl compounds. ? Mixture of four isomers (cis and trans ,8 and f,y-unsaturated imino esters) ¢ Mixture of

o,f3- and §,y-unsaturated imidate.

a,8-Unsaturated imidates can be isolated by distillation
in vacuo from the evaporated reaction mixture. Di-
methoxyketimines could be determined only after hydroly-
sis to the corresponding ketones. The composition of the
reaction mixture was measured by gas chromatography;
corroborating results were obtained by analysis of the
imino compounds, and, after acidic hydrolysis, of the car-
bonyl compounds. Stereochemistry was determined by
NMR spectrometry (JaB) of the reaction mixture, while
distillation as well as gas chromatography caused isomer-

ization to the trans compounds. In spite of the rapid isom-
erization of the cis «,8-unsaturated imino esters 15 (neutral
medinm), two pure cis derivatives (15a, 15¢) were isolated
by thin layer chromatography.

Varying the concentration of base (0.5, 1, and 2-2.5 N)
and aromatic substituent (electron-donating groups) does
not change the reaction appreciably. Less polar solvents
cause the Favorskii product to increase at the expense of
nucleophilic substitution, although reaction becomes exces-
sively slow with secondary ketimines. Changing the aro-
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matic N substituent into cyclohexyl afforded only nucleo-
philic substitution.!”

Comparison with dichloromethyl ketones showed two
main differences: (1) dichloromethyl ketones do not exhibit
nucleophilic substitution; (2) from dichloromethylketim-
ines only one Favorskii product is formed.

Discussion

From the theoretical point of view the mechanisms con-
cerning the reactivity of 1,1-dichloro-2-alkanones and N-
2-(1,1-dichloroalkylidene)anilines seem to be analogous.
The base abstracts a proton from the 3 position in the di-
halogenated ketimine, yielding a mesomeric anion, which
then can lead to enamines 19. This equilibrium is directly
related to the equilibrium of a ketone with its enol and eno-
late.

Ketimines (11, 12) are less acidic then ketones (1a, 1b),
while the anion is less stable owing to the lower electroneg-
ativity of nitrogen. The immediate consequence is the
much longer reaction time of dichloromethylketimines
(2040 hr at reflux temperature for primary derivatives 11)
as compared to dichloromethyl ketones (<1 min at room
temperature).

Secondary dichloromethylketimines 12 possess an even
lower reactivity, while ketimines derived from aliphatic
amines (X = N-.cyclohexyl) show no reactivity at all for Fa-
vorskii rearrangement.!” This phenomenon can be envis-
aged as a better stabilization of the negative charge on ni-
trogen in the case of N-aryl «,a-dichloroketimines. The
stability of the ambident ions has a key position in the re-
activity of the dichlorocarbonyl and dichloroimino com-
pounds.

For the same reason along with Favorskii rearrangement,
nucleophilic substitution in imino compounds occurs,
which does not take place in dichloro ketones. Nucleophilic
substitution (presumably bimolecular) could proceed via
the tautomeric enamines, although their presence is not ob-
servable in the NMR spectrum. The reactivity of these ena-
mine allylhalogenides and the corresponding ketimines
toward methoxide is of comparable magnitude.18 ‘

On the other hand, in both secondary dichloromethyl ke-
tones and secondary dichloromethylketimines 1-chloro-3-
methoxy derivatives 10b and 22 are yielded by solvolysis
(Scheme II). The 1-chloro-3-methoxyimino compounds 22
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are further converted to the 1,3-dimethoxyketimines by
means of a nucleophilic substitution. The intermediacy of
the N-2-(1-chloro-3-methoxyalkylidene)anilines 22 was
proved by spectral evidence as they were detected in the
reaction mixture after a short reaction time (approximately
half the time required for completion of the reaction).
Moreover, acidic hydrolysis of the reaction mixture re-
vealed the presence of 1-chloro-3-methoxy-2-alkanones 10b
along with 1,3-dimethoxy-2-alkanones.

Solvolysis occurs in secondary derivatives only, owing to
the enhanced stability of the delocalized carbonium ion
(8b, 20) produced by loss of a chloride anion from respec-
tively enol allylhalogenide 3b and enamine allylhalogenide
19.

It is known that alkyl substitution in either the « or vy
position of allylhalogenides enhances the rate of solvolysis
by a factor of hundreds or thousands.!®-2! A SN2’ mecha-
nism is rejected while it has been found only in allylhalo-
genides having no substituents in the vy position.1?

The main reaction in both dichlorinated ketimines and
ketones is the Favorskii rearrangement (Scheme III). An-

Scheme III
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ions (2, 23, and 24) produced by proton abstraction lose
slowly a chloride anion forming a zwitterion, which by a
disrotative closure, according to the rules of conservation of
orbital symmetry,2223 gives rise to a cyclopropanone 5 and
cyclopropylidene amine (29, 30), respectively. Cyclopro-,
pane derivatives are opened by nucleophilic attack, but the
opening in cyclopropanones occurs at both sides, while in
cyclopropylidene imines only the classical opening (Scheme
IV, path A) takes place, leading to a concerted expulsion of
a chloride anion.

Thus'4 1,1-dichloro-4-methyl-2-pentancne (la, R; =
i-Pr) yields via 2-chloro-3-isopropylcyclopropanone cis-
methyl 4-methyl-2-pentenoate (67%), 7a (Ry = i-Pr), and
methyl 2-chloromethyl-3-methylbutanoate (33%), 6a (R; =
i-Pr), while the corresponding ketimine N-2-(1,1-dichloro-
4-methylpentylidene)aniline (11a) yields only cis-methyl
N-phenyl 4-methyl-2-pentenocimidate (15a, ~50%) (along
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with substitution product 13a, ~50%). Meanwhile the ob-
servation of opening at only one side of the intermediate
three-membered ring is an open question.

In both series the classical products of primary deriva-
tives (alkenoates, alkenoimidates) show complete stereo-
specificity, which is due to the stability of the intermediate
zwitterion (27), formed by loss of a chloride anion from the
least hindered anion 25. In the case of secondary dichlo-
romethylketimines 12 the formation of cis and trans N-

_ phenyl «,6-unsaturated imidates 16 and 18 can be inter-
preted as derived from a chloride anion expulsion from
both E/Z isomers of the anion 26, whereby none of both
isomers is extremely favored.

The intermediate cyclopropylideneamines are of recent
interest and the synthesis has been described in only a few
cases.?4-26 The first reported preparation?t of such eyclo-
propylideneamines was executed under Favorskii rear-
rangement conditions, starting from N-2-(3-bromo-4,4-
dimethylpentylidene)amines 31 and subsequent treatment
with potassium tert-butoxide in tetrahydrofuran (Scheme
V). When the N-1-(2-tert-butylcyclopropylidene)amine 32
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was refluxed with potassium hydroxide in dioxane-water,
the amide 33 was isolated as the sole product, resulting
from the expected opening of the three-membered ring
(formation of the most stable anion®).
Cyclopropylideneamines, such as the proposed interme-
diates 29 and 30, were predicted to exist in equilibrium
with aziridines bearing an exocyclic double bond (methy-
leneaziridines) by means of a valence isomerization. The
valence isomerization is similar to the one observed with
cyclopropanones (and related alleneoxides),?®2™-2° methy-
lenecyclopropanes3 diaziridinones (and appropriate oxa-
ziridineimines),2%3! aziridinones (a-lactams and concord-
ant imino oxiranes and methylene oxaziridines),?*32 and
a-lactones.2933 Though several reaction mechanisms have
been interpreted to proceed via the already repeatedly pos-
tulated valence isomerization (see for instance ref 34 and
35), the occurrence was not adequately proved, until Quast
and co-workers observed the phenomenon spectroscopical-
ly by NMR or indirectly by thermal decomposition of
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methylene aziridines.?® Concerning the intermediacy of the
cyclopropylideneamines 29 and 30 mentioned above, no
trace of compounds derived from a valence isomerization
could be observed. Attempts to trap the intermediate cy-
clopropylideneamines with furan under various conditions
were unsuccessful, in spite of the successful trapping of
their O analogues with furan derivatives.2336:37

Experimental Section

Infrared spectra were recorded with a Perkin-Elmer Model 257
spectrophotometer. NMR spectra were measured with Varian
T-60 and Varian 300-MHz spectrometers. Mass spectra were re-
corded with a A, E. I. MS 30 mass spectrometer (70 eV), eventually
coupled with a Varian 1200 gas chromatograph (150-m capillary
column OVy). Other GC-MS couplings were executed with a A. E.
I. MS 20 mass spectrometer (70 eV) (SE-30 column, 1.5 m).

The analysis of the reaction mixtures was executed by gas chro-
matography using a Varian 1700 apparatus (3-m column, 12% SE-
30, Chromosorb W, Hj carrier gas). The composition was calculat-
ed from the area of the peaks, obtained by multiplying the peak
height times the width at half-height. The results in the tables
were given with respect to internal normalization. Preparative thin
layer chromatography was performed with PSC Fertigplatten
Merck Kieselgel F 254 (2 mm thickness) with isooctane-carbon
tetrachloride-toluene (40:30:30) as eluent. Compounds were locat-
ed by means of a Chromato-vue apparatus (short-wave uv light).

Preparation of Compounds. Methyl ketones were commercial-
ly available compounds or were prepared according to the litera-
ture: 2-heptanone,39 methyl cyclohexyl ketone,° and 3,4-di-
methyl-2-pentanone. 404! N.2.(1,1-Dichloroalkylidene)anilines 11
and 12 were prepared as described previously.1'1¢

Reaction of Primary N-2-(1,1-Dichloroalkylidene)anilines
11 with Sodium Methoxide in Methanol (or Sodium Ethoxide
in Ethanol). For all N-2-(1,1-dichloroalkylidene)anilines the same
general procedure was followed. In a typical experiment, a mixture
of 19.52 g (0.080 mol) of freshly prepared! N-2-(1,1-dichloro-4-
methylpentylidene)aniline {(11a) and 160 ml of 1 N sodium meth-
oxide in methanol (0.160 mol) was stirred under reflux (protection
by a caleium chloride tube) for 16 hr. The first half of the reaction
mixture was treated with dry ether in order to precipitate sodium
chloride and eventually sodium methoxide. After evaporation of
the solvent the residue was treated once more with dry ether and
this procedure was repeated till no further precipitate was formed.
cis-Methyl N-phenyl-4-methyl-2-pentencimidate (15a) was isolat-
ed by thin layer chromatography. The band at Ry 0.4-0.5 was ex-
tracted with dry acetone. Subsequent evaporation at low tempera-
ture in vacuo gave pure 15a as a light yellow oil. A second band
contained N-2-(1,1-dimethoxy-4-methylpentylidene)aniline (13a),
which could not be isolated since it decomposed on the slightest
contact with air and moisture. During gas chromatographic analy-
sis and distillation 15a isomerized into ¢rans-methyl N-phenyl-4-
methyl-2-pentencimidate (15'a). Gas chromatographic analysis
showed that the residual oil contained 47% 15’a and 48% 13a along
with minor compounds. Distillation in vacuo (short Vigreux col-
umn) gave 3.7 g (45%) of 15'a, bp 88-90°C (0.4 mmHg), and 3.3 g
(35;‘;6) of 13a, bp 92-95°C (0.4 mmHg), which turned black rapid-
ly.

The second half of the reaction mixture was neutralized with 2
N HCI and 25 ml of 2 N HCI was added in excess. After stirring
overnight at room temperature, the mixture was extracted four
times with ether, and the combined extracts were washed and
dried (MgS0O4). The dried ethereal extract was evaporated through
a 20-cm Vigreux column. Gas chromatographic analysis of the re-
sidual mixture of carbonyl compounds*® revealed the presence of
49% 1,1-dimethoxy-4-methyl-2-pentanone (34a), 24% cis-methyl
4-methyl-2-pentenocate (38a), and 23% trans-methyl 4-methyl-2-
pentenoate (39a). In other batches the cis/trans ratio of both iso-
meric «,8-unsaturated esters varied between 1:1 and 3:1. All car-
bonyl compounds were isolated by preparative gas chromatogra-
phy and were compared with authentic samples.!31417 Distillation
in vacuo afforded 2.1 g (42%) of methyl 4-methyl-2-pentenoate (cis
+ trans, 38a, 39a), bp 48-52°C (12 mmHg), and 2.4 g (37%) 1,1-
dimethoxy-4-methyl-2-pentanone (34a), bp 59-62°C (12 mmHg).
A black polymeric material remained in the distillation flask pre-
sumably due to decomposition of 34a (see ref 17).

Reaction of N-2-(1,1-Dichloroalkylidene)anilines 11 with
Sodium Methoxide in Diethyl Ether or Diisopropyl Ether.
The following typical experiment illustrates the procedure which
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was used. A mixture of 2.44 g (0.01 mol) of freshly prepared! N-2-
(1,1-dichloro-4-methylpentylidene)aniline (11a) and 54 g (0.1
mol) of dry sodium methoxide in 26 ml of dry diisopropyl ether
was stirred under reflux for 32 hr (protection with a calcium chlo-
ride tube). After completion of the reaction, the suspension was fil-
tered and washed with dry ether. Removal of the solvent in vacuo
left an oil, which was further purified by preparative TLC. Extrac-
tion of the band at Ry 0.4-0.5 with acetone provided 1.8 g (92%) of
pure cis-methyl N.phenyl-4-methyl-2-pentenoimidate (15a).

cis-Methyl N-Phenyl 4-methyl-2-pentenoimidate (15a):
NMR (CCly) 0.96 [d, 8, J = 7 Hz, (CHg)g), 3.15 (m, s, CH,Mey),
3.83 (s, 3, OCHg), 6.5-7.4 (m, 5, C¢Hs), 5.4-5.6 [2 H, ABX pattern
unresolved at 60 MH?, but completely of first order at’ 300 MHz:

5.42 (d, 1, Jpa = 12, Jpe = 0 Hz, =CH,C==N), 5.51 ppm (dd, 1, Jap
= 12, Joc = 9.4 Ha, =CH,CHMey)]; ir (NaCl) 2850 (OCHj), 1622
(C==C), 1672 cm™! (C==N). Anal. Caled for C;3H17NO: C, 76.81; H,
8.43. Found: C, 76.61; H, 8.32,

trans-Methyl N-Phenyl-4-methyl-2-pentenoimidate (15'a):
NMR (CCl) 0.95 [d, 6, J = 6.5 Hz, (CHg)s), 2.2 {m, 1, CH,Mey),
3.80 (s, 3, OCHp), 6.5-7.3 (m, 5, CgH5), 5.59 [dd (AMX), 1, Jap =
15, Jge = 1 Hz, ==CH,C==N], 6.49 ppm (dd, 1, Jpa = 15, Jy, = 6 Hz,
CH=CHC=N); ir (NaCl) 2850 (OCHjy), 1672 (C=N), 1622 cm~!
(C==C), 1600, 15321491 cm™! (aromatic); mass spectrum m/e (rel
intensity) 203 (M, 60), 202 (283), 188 (8), 172 (19), 160 (100), 156
(14), 130 (14), 119 (25), 104 (21), 93 (47), T7 (65), 69 (21), 51 (32).
Anal. Caled for C3H17NO: C, 76.81; H, 8.43. Found: C, 76.65; H,
8.34, Compounds 15a and 15'a (and also other imidates mentioned
in this paper) did not show syn-anti isomerism, since only one iso-
mer was visible in the NMR spectrum.

N-2-(1,1-Dimethoxy-4-methylpentylidene)aniline (13a): ir
(NaCl) (recorded immediately after preparative GLC isolation)
2839 (OCHzg), 1689 (C==N), 1635 cm™! (C=C enaminic form?);
mass spectrum (GC-MS coupling, AEI M8 20) m/e (rel intensi-
ty) 235 (M™, 4), 204 (2), 203 (2), 160 (100), 118 (8), 104 (21), 77
(17), 75 (23), 57 (8), 51 (8). No analytical data could be obtained
owing to decomposition. Acidic hydrolysis yielded 34a. The reac-
tion of N-2-(1,1-dichloro-4-methylpentylidene)aniline (11a) with
sodium ethoxide was performed in similar manner as described for
methoxide-methanol.

trans-Ethyl N-Phenyl-4-methyl-2-pentenoimidate: NMR
(CCly) 0.96 [d, 8, J = 7 Hz, (CHg)q), 2.2 (m, 1, CH,Mey), 4.26 (q, 2,
J = 7.5 Hz, OCHy), 1.36 (t, 3, J = 7.6 Hz, OCCHjy), 5.64 (dd, 1, Jux
= 1, Jpa = 155 Hz, =CHpC=N), 6.54 (dd, 1, Jap = 15.5, Jax = 7
Hz, CH,CHMey), 6.5~7.5 ppm (m, 5, CsHs). Protons H,, Hy, and
H, displayed a AMX pattern. Ir (NaCl) 1670 (C==N), 1623 (C==C),
1601, 1585, 1495 cm~! (aromatic); mass spectrum m/e (rel intensi-
ty) 217 (M+, 29), 216 (5), 202 (4), 189 (8), 188 (7), 174 (100), 172
(11), 158 (24), 146 (10), 1338 (11), 182 (21), 130 (10), 120 (11), 119
(14), 118 (70), 104 (9), 97 (25), 93 (50), 81 (14), 77 (81), 51 (21).
Anal, Caled for C(H1oNO: C, 77.37; H, 8.81. Found: C, 77.62; H,
8.96.

1,1-Diethoxy-4-methyl-2-pentanone: NMR (CCL) 0.89 [d, 6,
J = 6 Hz, (CHy)s), ~2 (m, 1, CHMeg), 2.35 (d degenerated, 2,
CH2CO0), 1.21 [t, 8, J = 7 Hz, (CH3CO)y], 4.33 [s, 1, CH(OEt)s),
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3.2-3.8 ppm [ABXj, 4, (OCHy)g]; ir (NaCl) 1733 em~! (C=0),
mass spectrum m/e (rel intensity) no M*, 143 (3), 105 (13), 104
(12), 103 (100), 97 (8), 85 (8}, 75 (75), 73 (10), 57 (13), 47 (83). Anal.
Caled for C1oHgo03: C, 63.79; H, 10.70. Found: C, 63.60; H, 10.61.

cis-Ethyl 4-Methyl-2-pentenoate: NMR (CCly) 1.00 [d, 6, J =
6.5 Hz, (CHa)g), 3.7 (m, 1, CH,Mey), 1.26 (t, 3, J = 7 Hz, CH3CO),
411 (q, 2, J = 7 Hz, CH30), 5.55 (dd, 1, Jap = 11.5, Jux = L Hz,
==CHpC==0), 5.98 ppm (dd, 1, Jap = 11.5, Jax = 9 Hz, =CH,-
CHMey); ir (NaCl) 1729 (C==0), 1650 cm~* (C==C); mass spectrum
m/e (rel intensity) 142 (M, 40), 127 (2), 114 (64), 99 (39), 97 (100},
81 (22), 73 (14), 71 (17), 69 (87), 67 (34), 59 (73), 56 (35), 43 (62).

trans-Ethyl 4- Methyl-Z-pentanoate 247 NMR (CCly) 1.06 {4, 6,
J = 7 Hz, (CHg)g], 2.4 (m, 1, CH Mey), 4.13 (g, 2, J = 7 Hz, OCHy),
1.927 (¢, 8, J = 7 Hz, CH300), 5,70 (dd, 1, Jap = 15,5, Jpe = 1 Hz,
==CH,CO), 6.88 ppm (dd, 1, Jan = 15.5, Jac = 7 Hz, =CH,-
CHMey); ir (NaCl) 1725 (C==0), 1660 cm~! (C==C); mass spectrum
mle (rel intensity) 142 (M, 45), 114 (37), 99 (20), 97 (74), 96 (20),
69 (100), 59 (25), 43 (20),

Reactions with N-2-(1,1-Dichloro-4-methylpentylidene)-
p-toluidine (11b). trans-Methyl N-p-Tolyl-4-methyl-2-pen-
tenoimidate (15'b): NMR (CCly) 0.97 [d, 6, J = 6 Hz, (CHs)g),
2.30 (s, 3, para CHj3), 2.3 (m, 1, CH;Mey), 3.80 (s, 3, OCH3), 5.63 .
(dd, 1, Jap = 15.5, Jpy = 1.0 Hz, =CH,C=N), 6.52 (dd, 1, Jap =
15.5, Jax = 7 Hz, CH;=~C-C==N), 6.57 (d, 2, J = 8 Hz, CH=CN),
7.01 ppm (d, 2, J = 8 Hz, CH=C-CN); ir (NaCl) 2850 (OCHs),

* 1672 (C=N), 1620 em~?! (C==C); mass spectrum m/e (rel intensity)

217 (M, 81), 216 (24), 202 (10), 186 (23), 184 (6), 174 (100), 170
(13), 144 (11), 133 (22), 106 (38), 105 (35), 91 (27), 77 (11), 69 (11),
65 (19), 51 (7).

cis-Methyl N-p-tolyl-4-methyl-2-pentenoimidate (15b) had
the unresolved AB part (NMR, CCly) of the ethylenic protons at §
5.3-5.6 ppm (ABX).48

Reactions with N-2-(1,1-Dichlere-4-methylpentylidene)-
p-anisidine (lle). trans-N-p-Methoxyphenyl-4-methyl-2-
pentenoimidate (15'c): NMR (CCly) 0.97 [d, 6, J = 6.5 Hz,
(CHa)a), 2.3 (m, 1, CH,Mey), 5.67 (dd, 1, Jba = 15.5, Jpx = 1 Hz,
=CH,C==N), 8.51 (dd, 1, Jap = 15.5, Juy = 7 Hz, =CH,CHMey),
3.79 (s, 3, CH30C==N), 3.76 (s, 3, para OCHj), 6.61 (d, 2, J = 8 Hz,
CH==CN), 6.73 ppm (d, 2, J = 8 Hz, CH==C-CN), ir (NaCl) 2840
(OCHa), 1870 (C==N), 1620 (C==C), 1586, 1510 cm™! (aromatic);
mass spectrum m/e (rel intensity) 233 (M*, 100), 232 (24), 218
(21), 202 (27), 190 (96), 160 (15), 149 (39), 148 (12), 134 (21), 123
(33), 122 (21), 108 (18), 77 (21), 69 (21), 53 (15), 51 (10). Anal.
Caled for C14H1gNQo: C, 72.07; H, 8.20. Found: C, 71.92; H, 8.03.

¢is-N-p-Methoxyphenyl-4~methyl-2-pentenocimidate (15¢):
NMR (CCl,) 0.93 [d, 6, J = 6.5 Hz, (CHj)g], 3.1 (m, 1, CHyMey),
3.83 (s, 3, cnaoch), 3.67 (s, 3, para OCHjy), 5.3-5.8 (ABX, 2,
CH*—CH), 6.71 ppm (s, 4, CsH4) ir (NaCl) 2840 (OCHj), 1860
(C==N), 1611 (C==C), 16101509 cm~! (aromatic). Anal. Caled for
C14H19NOs: C, 72.07; H, 8.20. Found: C, 71.89; H, 7.99.

Reactions with N-2-(1,1-Dichloropentylidene)aniline (11d).
trans-Methyl N-Phenyl-2-pentenoimidate (15'd): NMR (CCl,)
0.96 (t, 3, J = 6.5 Hz, CH3C~-C=), 2.07 [m, 2, (CHy),C~=], 3.88 (s,
3, OCHy), 6.6-7.4 (m, 5, CgHs), 5.70 (dt, 1, Jva = 15.5, Juyx = 0.8 Hz,
=CH}pC==N), ~6.6 ppm (overlapping by aromatic multiplet, Jux =
7, Jap = 15.5 Hz); ir (NaCl) 2850 (OCHs3), 1675 (C==N), 1627
(C==C), 1602, 1586, 1497 cm™" (aromatic); mass spectrum m/e (rel
intensity) 189 (M, 50), 188 (23), 174 (11), 160 (100), 158 (28), 1566
(11), 143 (17), 134 (9), 132 (15), 130 (13), 128 (10), 119 (28), 117

- (17), 104 (20), 93 (30), 91 (19), 77 (50), 67 (9), 55 (21), 53 (10), 51

(21).

Reactions with N-2-(1,1-Dichloroheptylidene)aniline (11f).
Both 13f and 15f were characterized by acidic hydrolysis, whereby
15f yielded exclusively trans ester 39f.

1,1-Dimethoxy-2-heptanone (34f): NMR (CCly) 0.89 (t, 3,
CHj), 1.0-1.6 [m, 6, (CHg)3], 2.43 (t, 2, J = 6.5 Hz, CH,CO), 4.21
(s, 1, CHCO), 3.36 ppm [s, 6, (OCHg)g); ir (NaCl) 2842 (OCHjy),
1737 em™! (C==0); mass spectrum m/e (rel intensity) no M*, 143
{0.8), 99 (3.5), 75 (100), 71 (4), 59 (8), 55 ().

trans-Methyl 2-Heptenoate (39f): NMR (CCly) 0.93 (t, 3,
CHjy), 1.1-1.7 [m, 4, (CHj)], 2.2 [m, 2, (CH3):C==], 3.67 (s, 8,
OCHy), 5.75 (dt, 1, Jba = 15.5, Jpx = 1 Hz, =CHyCO), 6.90 ppm
(dt, 1, Jap = 15.5, Jax = 6 Hz, =CH,CHy); ir (NaCl) 2870 (OCHjy),
1735 (C==0), 1665 em™* (C==C).

Reactions with N-2.(1,1-Dichlorcoctylidene)aniline (11g).
trans-Methyl N-Phenyl-2-octenoimidate (15'g): NMR (CCl)
0.88 (t, 3, CHy), 1.0-1.8 [m, 8, (CHg)s], 2.0 [m, 2, (CH,),C=], 3.81
(s, 3, OCHs) 5.67 (dd, 1, Jap = 15, Jux = 1 Hz, ==CHpC==N),
CH,=C-C=N covered by the aromatic multiplet, 6.4-7.4 ppm (m,
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5, CeHs); ir (NaCl) 2850 (OCH3), 1675 (C==N), 1625 (C=C), 1602,
1585, 1508 em™! (aromatic).

trans-Methyl 2-Octenoate (39g): NMR (CCly) 0.91 (t,3,J =7
Hz, CHj), 1.1-1.6 [m, 6, (CHyg)s], 2.15 [m, 2, (CHz)xC=], 3.66 (s, 3,
OCHy), 572 (dt, 1, Jab = 15, Jpx = 1 Hz, CH,C=0), 6.80 ppm (dt,
1, Jap = 15, J4c = 7 Hz, =CH,CH>); uv max (CH3OH) 217 nm.
When the reaction of 11g was performed in concentrated sodium
methylate solution (2.5 N) a small amount of the «,3-unsaturated
imidate underwent Michael addition of methylate, yielding the 3-
methoxy imidate which is characterized by its carbonyl compound
(hydrolysis), i.e., methyl 3-methoxyoctanoate.

Methyl 3-Methoxyoctanoate: NMR (CCly) 0.90 (t, 3, CHjy),
1.1-1.8 [m, 8, (CHa)4), 2.35 (ABX, 1, Jap = 12, Joc = 6 Hz,
CH,CO), 2.48 (ABX, 1, Jap = 12, Jpy = 6 Hz, CH,CO), 3.8 (m, 1,
CH,OMe), 3.65 (s, 3, COOCHy), 3.30 ppm (s, 3, OCHj3); ir (NaCl)
2835 (OCHs), 1750 em™! (C==0); mass spectrum m/e (rel intensi-
ty) no M*, 173 (13), 156 (7), 125 (12), 117 (50), 115 (24), 101 (12),
99 (12), 83 (25), 75 (100), 74 (15), 59 (25), 58 (17), 55 (35).

1,1-Dimethoxy-2-octanone (34g): NMR (CCly) 0.89 (t, 3,
CHj), 1.0-1.8 [m, s, (CH3)4], 2.44 (t, 2, J = 6.5 Hz, CH5CO), 3.37 [s,
6, (OCHa)s], 4.22 ppm (s, 1, CHCO); ir (NaCl) 2840 (OCHy), 1735
em~! (C==0); mass spectrum m/e (rel intensity) no M+, 157 (2),
115 (3), 85 (5), 75 (100), 55 (11).

Reaction of Secondary N-2-(1,1-Dichloroalkylidene)ani-
lines (12) with Sodium Methoxide in Methanol. A mixture of
2.30 g (0.01 mol) of freshly prepared N-2-(1,1-dichloro-3-methyl-
butylidene)aniline (12a) and 20 m! of sodium methoxide in metha-
nol (2 N, 0.04 mol) was refluxed during 58 hr. Work-up as de-
scribed above gave 2.1 g of an oil, which was analyzed by gas chro-
matography: 28% methyl N-phenyl-3-methyl-2-butenoimidate
(16a, R; = Rs = CHj), 24% N-2-(1,1-dimethoxy-3-methylbutyli-
dene)aniline (14a), and 45% N-2-(1,3-dimethoxy-3-methylbutyli-
dene)aniline (17a). The composition of the carbonyl compounds
obtained by acidic hydrolysis, as calculated from GLC, was identi-
cal with the composition of the imino compounds. Both N-2-(1,1-
dimethoxyalkylidene)anilines (13) and N-2-(1,3-dimethoxyalkyli-
dene)anilines (17) could not be isolated in pure form owing to
rapid decomposition on contact with air. All other reaction mix-
tures, derived from secondary N-2-(1,1-dichloroalkylidene)anilines
(12), were analyzed in similar manner.

Methyl N-Phenyl-3-methyl-2-butenoimidate (16a, R; = R»
= CHj): NMR (CCly)*° 1.76 (d, 3, J = 1.2 Hz, trans CHjy), 1.95 (d,
3, J = 1.2 Hz, cis CHs), 3.84 (s, 3, OCHjy), 5.44 (m, 1, =CHC=N),
6.5-7.4 ppm (m, 5, CeHs); ir (NaCl) 1668 (C=N), 1622 (C=C),
2850 (OCHj3), 1602, 1582, 1495 ¢cm~! (aromatic); mass spectrum
m/e (rel intensity) 189 (M™, 100), 188 (25), 174 (35), 158 (40), 157
(10), 144 (10), 143 (10), 131 (30), 130 (10), 129 (10), 119 (13), 117
(10), 107 (10), 104 (7), 93 (11), 91 (20), 83 (12), 77 (45), 55 (18), 51
(20). Anal. Caled for C12H;sNO: C, 76.15; H, 7.98. Found: C, 75.99;
H, 7.89.

N-2-(1,1-Dimethoxy-3-methylbutylidene)aniline (14a):
NMR (CCly) 1.18 [d, 6, J = 6.5 Hz, (CH3)g], 3.0 (m, 1, CHMey),
3.23 [s, 6, (OCHzs)g], 4.48 [s, 1, CH(OMe)], 6.4-7.5 ppm (m, 5,
CeHs); mass spectrum m/e (rel intensity) 221 M*, 6), 191 (8), 189
(25), 174 (12), 172 (8), 159 (7), 146 (100), 145 (12), 144 (58), 131
(11), 130 (11), 118 (8), 117 (7), 104 (75), 93 (67), 77 (80), 75 (54), 66
(27), 65 (17), 51 (33). Rapidly discoloring liquid.

1,1-Dimethoxy-3-methyl-2-butanone (35a): NMR (CCly) 1.02
[d, 8, J = 7.5 Hz, (CHs)s], 2.95 (septet, 1, J = 7.5 Hz, CHMe,), 4.34
(s, 1, CHCO), 3.37 ppm [s, 8, (OCHjz)q); ir (NaCl) 2840 (OCHsy),
1730 cm~! (C=0); mass spectrum m/e (rel intensity) no M+, 115
(7), 87 (10), 75 (100), 71 (4), 55 (10), 43 (15). Anal. Caled for
C7H1403: C, 57.51; H, 9.65. Found: C, 57.60; H, 9.50.

1,3-Dimethoxy-3-methyl-2-butanene (40a): NMR (CCl,) 1.26
[s, 6, (CH3)s], 3.21 (s, 3, MesCOCHy), 3.33 (s, 3, CH20CHy3), 4.25 (s,
2, CH,CO); ir (NaCl) 2835 (OCHj3), 1740 cm™! (C==0); mass spec-
trum m/e (rel intensity) 146 (M™, 0.2), 115 (0.5), 73 (100), 69 (4),
55 (6), 45 (17). The most abundant ion m/e 73 is originated either
from (CHg)oC=0*CHj or CH30CH,C=0%, as both fragment ions
are derived from a-cleavage at the Co-Cg bond. Anal. Caled for
C7H1403: C, 57.51; H, 9.65. Found: C, 57.34; H, 9.49.

N-2-(1,3-Dimethoxy-3-methylbutylidene)aniline (17a). This
unstable compound was identified by its corresponding carbonyl
compound 40a (see above) and by its mass spectrum (GC-MS cou-
pling with A. E. I. MS 20): m/e (rel intensity) 221 (M*, 5) 191 (14),
189 (8), 148 (42), 144 (18), 119 (7), 118 (8), 104 (11), 77 (28), 73
(100), 51 (13), 45 (83).

1-Chloro-3-methoxy-3-methyl-2-butanone (10, Ry = R, =
CHs). When N-2-(1,1-dichloro-3-methylbutylidene)aniline (12a)

De Kimpe and Schamp

was refluxed with sodium methylate in methanol (1 N, 4 equiv)
during 16 hr, subsequent acidic hydrolysis afforded, along with the
normal products, 1-chloro-3-methoxy-3-methyl-2-butanone (10,
Ri = Ry = Me), which is derived from the corresponding imino
compound 22 (R; = Ry = CHj). It was compared with authentic
material.14

Methy! 3-Methyl-2-butenoate (36a). Compound 36a arose
from 16a and was a known compound.52 Similar to the case men-
tioned above, o,8-unsaturated imidate 16a was found to undergo
(2 N NaOMe-MeOH) Michael addition (only a small amount)
yielding a 3-methoxy imidate, which was hydrolyzed to methyl 3-
methoxy-3-methylbutanoate (see similarly 3-methoxyocta-
noate): NMR (CCL) 1.25 [s, 6, (CH3)q], 2.41 (s, 2, CHo), 3.19 (s, 3,
OCHj3), 3.65 ppm (s, 3, COOCHjy); ir (NaCl) 1747 (C==0), 2838
cm™! (OCHs); mass spectrum m/e (rel intensity) no M*, 131 (17),
116 (7), 115 (4), 99 (11), 89 (33), 83 (7), 75 (11), 73 (100), 71 (17), 59
(13), 48 (42), 55 (8).

Reaction of N-2-(1,1-Dichloro-3-methylbutylidene)aniline
(12a) with Sodium Methoxide in Diethyl Ether. Preparation
of Methyl N-Phenyl-3-methyl-2-butenoimidate (16a, R; = Ry
= CHj). A mixture of 1.15 g (0.005 mol) of freshly prepared! N-2-
(1,1-dichloro-3-methylbutylidene)aniline (12a) and 2.7 g (0.05
mol) of dry sodium methoxide in 15 ml of dry diethyl ether was
stirred under reflux for 96 hr. The suspension was filtered and
washed with dry diethyl ether and the solvent evaporated in vacuo.
The residual oil was chromatographed by means of TLC (see ex-
perimental conditions above), affording 0.61 g (65%) of methyl N-
phenyl-3-methyl-2-butenoimidate (16a, R; = Rg = CHj). Spectro-
scopic and analytical data were given above.

Reactions with N-2-(1,1-Dichloroe-3-methylpentylidene)-
aniline (12b). The Favorskii rearrangement of compound 12b af-
forded a mixture of «,8- and 8,y-unsaturated imino esters, each
present as cis and trans isomers.?® Some NMR data were given, ob-
tained from the NMR spectrum of the mixture of isomers (bp 72-
76° C, 0.03 mmHg).

trans-Methyl N-Phenyl-3-methyl-2-pentenocimidate (18b):
mass spectrum m/e (rel intensity) 203 (M*, 100), 202 (16), 188
(18), 174 (20), 172 (26), 156 (8), 148 (1), 145 (15), 130 (9), 119 (13),
111 (30), 97 (20), 93 (20), 91 (20), 77 (53), 69 (13), 51 (27); NMR
(CCly) 0.9 (t, 3, J = 7 Hz, CHj), 1.90 (d, 3, J = 1.2 Hz, CH3C=),
5.40 (m, 1, CH==), 3.81 (s, 3, OCH3), 6.4-7.4 ppm (m, 5, CgHs), CHa
covered.

cis-Methyl N-Phenyl-3-methyl-2-pentenoimidate (1¢b):
mass spectrum m/e (rel intensity) 203 (M*, 100), 202 (21), 188
(33), 174 (8), 172 (17), 156 (8), 148 (3), 145 (12), 130 (8), 119 (21),
111 (92), 97 (17), 93 (25), 91 (29), 77 (67), 69 (25), 51 (33); NMR
(CCl) 0.9 (t, 3, J = 7 Hz, CH3), 1.72 (d, 38, J = 1.2 Hz, CH3C=),
5.4 (m, 1, CH=), 3.81 (s, 3, OCHa), 6.4-7.4 ppm (m, 5, C¢H3), CHg
covered.

trans-Methyl N-Phenyl-3-methyl-3-pentenoimidate (41):
NMR (CCly) 2.83 (s, broadened, 2, N=C-CH.C==C), 3.75 (s, 3,
OCHjy), 1.6 (CH3C=), 5.1 ppm (m, 1, CH=); mass spectrum m/e
(rel intensity) 203 (M*, 47), 202 (44), 188 (71), 174 (3), 172 (5), 170
(3), 148 (11), 134 (41), 119 (100), 111 (21), 110 (21), 93 (9), 91 (27),
77 (27), 69 (22), 51 (18).

cis-Methyl N-Phenyl-3-methyl-3-pentenoimidate (42): mass
spectrum m/e (rel intensity) 203 (M+, 42) 202 (43), 188 (63), 174
(8), 172 (4), 170 (3), 148 (1), 134 (48), 119 (100), 111 (25), 110 (25),
93 (12), 91 (29), 77 (33), 69 (25), 51 (21); NMR (CCly) 2.92 (s
broadened, 2, N=CCHyC=), 3.75 (s, 3, OCH3), 1.55 (CH3C==), 5.1
ppm (m, 1, CH=). Attempts to separate the isomeric compounds
by thin layer chromatography were unsuccessful (Ry 0.3-0.4, silica
gel F254 Merck, isooctane-CCly~toluene, 40:30:30).

trans-Methyl 3-methyl-2-pentenoate (36b) and cis-methyl
3-methyl-2-pentenoate (37b) were previously described.14

N-2-(1,3-Dimethoxy-3-methylpentylidene)aniline (17b).
The unstable compound 17b was identified by its mass spectrum
(obtained from GC-MS coupling) and by hydrolysis to 40b: mass
spectrum of 17b m/e (rel intensity) 235 (M*, 2), 204 (10), 158 (9),
148 (20), 119 (8), 118 (6), 104 (9), 87 (100), 77 (22), 55 (24), 51 (11),
45 (9).

1,3-Dimethoxy-3-methyl-2-pentanone (40b): NMR (CCL)
0.77 (t, 3, J = 7.5 Hz, CH3CCCO), 1.61 (m, 2, CHj), 1.20 (s, 3,
CH3CCO), 4.28 (s, 2, CH30), 3.19 (s, 3, CH;0CMe), 3.32 ppm (s, 3,
OCHz); ir (NaCl) 2835 (OCHa), 17388 em™! (C=0); mass spectrum
m/e (rel intensity) 160 (M*, 1.2), 181 (1.5), 129 (2), 128 (3), 115 (4),
98 (4), 87 (100), 83 (20), 75 (20), 71 (5), 59 (7), 57 (7), 56 (7), 55
(75).

N-2-(1,1-Dimethoxy-3-methylpentylidene)aniline (14b): bp
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80-86°C (0.03 mmHg); rapidly decomposing liquid; mass spectrum
m/e (rel intensity) 235 (M*, 6), 160 (100), 130 (3), 104 (87), 77 (35),
75 (41), 57 (11), 51 (11). Acidic hydrolysis afforded 35b.

1,1-Dimethoxy-3-methyl-2-pentanone (35b): NMR (CCly)
1.83 (t, 3, J = 7 Hz, CH;CCCO), 1.6 (m, 2, CHy), 2.8 (m, 1, CHMe),
1.02 (d, 3, J = 6 Hz, CH3CCO), 4.30 [s, 1, CH(OMe),), 3.38 ppm [s,
6, (OCHj3)g]; ir (NaCl) 2842 (OCHjg), 1730 em™! (C==0); mass spec-
trum m/e (rel intensity) no M*, 129 (3), 114 (25), 101 (3), 96 (9), 85
(4), 75 (100), 71 (18), B9 (25), 68 (18), 67 (12), 57 (8), 55 (25).

Reactions with N-2-(1,1-Dichloro-3,4-dimethylpentyli-
dene)aniline (12¢). The Favorskii rearrangement of 12¢ afforded
a mixture of cis and trans «,8-unsaturated imidate 16¢c and 18ec.
Preparative gas chromatography transformed 16c partially into
the trans derivative 18¢; no trace of 8,v-unsaturated imino esters
was found. ’

trans-Methyl N-Phenyl-3,4-dimethyl-2-pentenoimidate
(18¢): NMR (CCly) 0.92 [d, 6, J = 6.5 Hz, (CHz)s], 2.20 (m, 1,
CHMey), 1.84 (d, 3, J = 1.5 Hz, CH3C==), 3.83 (s, 3, OCHy), 5.45
(m, 1, =CHC==N), 6.5-7.83 ppm (m, 5, CgHs); ir (NaCl) 2845
(OCHs), 1663 (C==N), 1620 (C==C), 1601, 1583, 1494 cm™! (aro-
matic); mass spectrum m/e (rel intensity) 217 (M*, 93), 216 (16),
202 (58), 186 (20), 174 (53), 171 (10), 170 (21), 159 (15), 144 (186),
143 (13), 142 (18), 134 (13), 131 (11), 130 (13), 125 (96), 124 (49),
119 (42), 117 (15), 111 (17), 110 (8), 109 (16), 104 (12), 93 (62), 91
(49), 81 (18), 77 (100), 73 (10), 67 (28), 66 (20), 65 (19), 55 (51), 53
(17), 51 (44).

cis-Methyl N-Phenyl-3,4-dimethyl-2-pentenoimidate (16c):
NMR (CCly) 0.90 [d, 8, J = 6 Hz, (CHg)2), 1.58 (d, 8, J = 1.5 Hz,
CH3C=), 5.4 (m, 1, CH==C), 3.79 (s, 3, OCHj3), 6.4-7.4 ppm (m, 5,
CgHs); ir (NaCl) 2845 (OCHj3), 1663 (C==N), 1620 cm~! (C=C);
mass spectrum m/e (rel intensity 217 (M*, 54), 216 (15), 125 (100),
109 (20), 93 (20), 77 (42), 67 (13), 55 (20), 51 (20).

cis-Methyl §,4-dimethyl-2-pentenocate (36¢c) and trans-
methyl 3,4-dimethyl-2-pentenoate (37¢) were obtained by acidic
hydrolysis of 16¢ and 18c and were described previously.!4

N-2-(1,1-Dimethoxy-3,4-dimethylpentylidene)aniline (14c):
mass spectrum m/e (rel intensity) 249 (M™, 1), 217 (2), 207 (4), 174
(381), 172 (6), 104 (18), 93 (5), 87 (100), 77 (14), 75 (19), 71 (5), 69
(4), 55 (17), 51 (5), 43 (12) (GC-MS coupling). Acidic hydrolysis
gave 35¢.

1,1-Dimethoxy-3,4-dimethyl-2-pentanone (35¢); NMR (CCly)
0.90 [d, 6, J = 6 Hz, (CH3)2), 1.90 (m, 1, CHMey), 0.95 (d, 8,J = 7
Hz, CHsCCO), 3.36 and 3.38 (2 s, 6, 2 OCHg), 427 [s, 1,
CH(OMe)y], 2.77 ppm (quintet, 1, J = 7 Hz, CHCO); ir (NaCl)
2840 (OCHag), 1730 cm~! (C==0); mass spectrum m/e (rel intensi-
ty) no M+, 143 (0.5), 100 (1), 87 (2), 83 (1), 75 (100), 71 (2), 55 (2).

N-2-(1,3-Dimethoxy-3,4-dimethylpentylidene)aniline (17¢):
mass spectrum m/e (rel intensity) 249 (M*, 52), 217 (54), 202 (50),
174 (100), 117 (41), 104 (56), 101 (51), 99 (62), 93 (32), 77 (73), 75
(75), 69 (33), 51 (26). GC-MS coupling revealed the presence of a
small amount of the intermediate N-2-(1-ehloro-3-methoxy-
3,4-dimethylpentylidene)aniline (22¢, Ry = i-Pr; Rs = CHs):
mass spectrum m/e (rel intensity) 253/255 (M*, 1), 210/212 (3),
152/154 (8), 117 (29), 101 (100), 77 (20), 69 (23), 51 (6). Compound
17¢ was hydrolyzed to 10 (Ry = i-Pr; Ry = CHj).14

1,3-Dimethoxy-3,4-dimethyl-2-pentanone (40c): NMR (CCly)
0.78 (d, 3, J = 7 Hz, CH3sCCCO), 0.91 (4, 3, J = 7 Hz, CH;CCCO),
1.14 (s, 3, CH3CCO), 3.19 (s, 3, CH30CMe), 3.34 (s, 3, OCHjy), 4.18
(s, 2, OCHy), 2 ppm (m, 1, CHMey); ir (NaCl) 2830 (OCHj3), 1738
em~1 (C==0); mass spectrum m/e (rel intensity) 174 (M1, 0.4), 131
(0.5), 129 (2), 101 (100), 69 (72), 59 (8), 55 (4), 43 (14).

Reactions with  N-1-(2,2-Dichloro-1-cyclohexylethyli-
dene)aniline (12d). The Favorskii-type rearrangement of 12d (2
N/4 equiv NaOMe-MeOH) gave rise to 28% imidate, which con-
sisted of 16% o,8- and 12% §,y-unsaturated imidate, respectively
methyl N-phenyleyclohexylideneacetoimidate (16d) and methyl
N-phenyl-1’-cyclohexenylacetoimidate (VPC analysis). The struc-
ture was further proved by hydrolysis to methyl cyclohexylidene-
acetate (36d) and methyl 1’-cyclohexenylacetate, which were com-
pared with authentic material.14

Methyl N-Phenyleyclohexylideneacetoimidate (16d): NMR
(CCly) 1.2-2.5 [m, 10, (CHy)s], 5.8 (m, 1, ==CHC==N), 6.3-7.4 (m, 5,
CgHs), 3.76 ppm (s, 3, OCHzy); ir (NaCl) 2842 (OCHjy), 1671
(C==N), 1625 cm~! (C=C); mass spectrum m/e (rel intensity) 229
(M, 100), 228 (50), 214 (44), 200 (16), 199 (62), 198 (62), 197 (29),
196 (69), 195 (37), 187 (19), 186 (19), 184 (44), 182 (12), 181 (12),
180 (62), 170 (16), 156 (19), 134 (29), 119 (62), 118 (87), 104 (16), 93
(75), 91 (25), 81 (25), 719 (25), 77 (94), 66 (25), 65 (19), 51 (37).

Methyl  N-Phenyl-1'-cyclohexenylacetoimidate: @ NMR
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(CCly) 1.2-2.5 [m, 8, (CHs)4), 5.3 (m, 1, CH==), 6.3-7.4 (m, 5,
CgHs), 3.76 (s, 3, OCHg), 2.75 ppm (s broadened, 2, CH,C==N);
mass spectrum m/e (rel intensity) 229 (M, 86), 228 (40), 214 (29),
134 (53), 119 (100), 77 (24).
N-2-(2,2-Dimethoxy-1-cyclohexylethylidene)aniline (14d)
decomposed immediately after preparative GLC to a tarry materi-
al. Compound 14d was identified by GC-MS coupling and by acid-
ic hydrolysis to 1-cyclohexyl-2,2-dimethoxyethanone (35d): mass
spectrum m/e (rel intensity) of 14d 261 (M*, 4), 186 (100), 104
(79), 83 (9), 77 (39), 75 (32), 55 (32), 51 (11).
1-Cyclohexyl-2,2-dimethoxyethanone (35d). This compound
has been described in one of our previous papers.!?
N-1-[1-(1’-Methoxy)cyclohexyl-2-methoxyethylidene]ani-
line (17d). The same remarks were valid as given for 14d: mass
spectrum m/e (rel intensity) 261 (M, 1.5), 229 (31), 214 (17), 184
(100), 158 (8), 113 (15), 104 (18), 81 (21), 77 (46), 55 (8), 53 (14), 51
(20). Acidic hydrolysis afforded 40d.
1-(1'-Methoxy)cyclohexyl-2-methoxyethanone (40d): NMR
(CCly) 1.2-1.8 [m, 10, (CHy)s], 3.16 (s, 3, OCHy), 3.34 (s, 3,
CH;0CH3), 4.21 ppm (s, 2, CHy); ir (NaCl) 2835 (OCHj), 1735
cm™~! (C=0); mass spectrum m/e (rel intensity) no M*, 113 (100),
81 (58), 71 (10), 67 (5), 55 (10), 53 (5), 45 (52), 41 (13). GC-MS cou-
pling revealed the presence of a small amount of 1-(1’-methoxy)cy-
clohexyl-2-chloroethanone, which was identified by comparison
with authentic material .24
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Solvolytic Rearrangement of Quadricyelyl-7-carbinol!
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Quadricyclyl-T-carbinol was synthesized from 7-benzyloxymethylnorbornenone via 7-benzyloxynorbornadiene.
The triflate ester of the carbinol upon solvelysis in buffered trifluoroethanol rearranged via a cyclopropylethyl
carbonium ion pathway. This result indicates that the energy gained by rearrangement from a primary to a secon-
dary carbonium ion to form a quadricyclooctyl system is insufficient to overcome the strain engendered in the

new ring system.

Much work has been reported on the solvolysis of
strained ring systems,? and the usual result has been the
formation of less strained ring systems. A problem which
has been less thoroughly investigated is the use of carboni-
um ion rearrangements to incorporate strain into the ring
system. Considerable energy can be released when a less
stable primary carbonium ion rearranges to the highly sta-
bilized tertiary carbonium ion, and it should be possible to
salvage some of this energy in the form of higher skeletal
strain. One such case of such energy salvage is found in the
solvolysis of 1-adamantylcarbinyl tosylate.® In this case,
the stabilization energy gained in going to the tertiary car-

bonium ion outweighs the increased skeletal strain of the
homoadamantyl ring system.

HOAc

NaQAc

“CH,OTs OAc

o,
o’

It is well known that an adjacent cyclopropyl ring can
stabilize a carbonium ion,* but a less investigated problem
is how early in the process of rearrangement does the assis-
tance of a neighboring group take effect. A compound that



