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Cycloadditions of thiobenzophenone to ketenimines illustrate the
possibility of multiple modes of reaction across various centres
of the cumulene depending on the substituents at nitrogen and car-
bon as well. 1,2-Cycleoaddition across the C=C bond cf the cumule-
ne to give iminothietanes, as well as twe types of 1,4-cycloaddi-
tion, one involving the C=N bond of the cumulene and the N-aryl
group to give benzothiazines, the other invelving the C=C bond of
the cumulene and the C-vinyl to give iminothiacyclohexenes, have
been observed. The variable siteselectivity in ketenimine-thioke-
tone cycloadditions appears to be determined by a balance betwe-
en steric and electronic effects, the latter being interpreted in
terms of frontier MO's of the cumulene. Cycloadditions of elec-
tron-pcor hetercenes (tosylisocyanate, N-dicyancomethylene-p-chlo-
roaniline, sulfur dioxide) offer other examples of variable site-
selectivity which produce four- and six-membered heterocycles.
On the other hand, vinyvlketene although mere reactive than vinyl-
ketenimine, appears to undergo exclusively 1,2-cycleaddition ac=
ross the C=C bond of the cumulene to give four-membered adducts.
The possibility of stereochemical variables in ketenimine cyclo-
additions increases the value of these heterccumulenes as inter-

mediates for the synthesis of heterocycles.

Introduction

That cyclcadditions to cumulenes1 provide a direct and versatile entry to a va-
riety of heterocycles and cffer stimulating arguments for mechanistic and theoreti-
cal studies, is well documented by the numerous articles which currently appear in
the literature. Among the many heterocumulenes which have been used as cycloadditi-

2,3,4

on partners, ketenimines have appeared somewhat later than ketenes, isoccyana-

tes, carbodiimides, isothiocyanates, etc., probably because they are less reactive
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and the available methods for their preparation are in most cases scarcely efficent.
Therefore, the potential role of these cumulenes as intermediates for the synthesis
of heterccyclic systems has been little explored. Of course, given the menticned
drawbacks, the synthetic value of these heterocumulenes may ke considered as much
as they are proved to display a peculiar reactivity and lead to compounds otherwi-

se unaggessible.

I will report in this lecture new examples of cyclcaddition of 2sF-electron sys-
tems to substituted ketenimines and show that owing to the possibility of multiple
medes of reaction, these heterocumulenes are useful intermediates for the prepara-
tion of a variety of heterocycles of different ring sizes. I will limit the descri-
ption of each reaction to the formation of a prototype of the heterocyclic system
which is obtained, while other derivatives are reported in the original papers. The-—
refore, for semplicity of presentation, in many cases numbering refers to types of

compounds rather than to a single derivative.

It may be useful, to begin with, to recall a few properties of ketenimines which
anticipate their reactivity. Xetenimines, like ketenes, are JI-isocelectrcnic with al-

lenes and possess two jI-systems, one orthogonal to the other (Fig. 1). However, al-
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Fig, 1 J-Orbitals of allene, ketene, and ketenimine

though the reactions of the two heterocumulenes parallel in some respect those of
allene, there are considerable differences of reactivity. This may be accounted for
by the unegual =-electron distribution in the three systems which arise, on one si-
de from the intrinsic higher electronegativity of oxygen and nitrogen with respect
to carbon, on the other from the possibility of interaction of the orbital of the
heteroatom ccntaining the lone-pair with the parallel orbitals of the C-C moiety.
In fact, calculations of the p-electronic population on each atcm4 and spectrosco-
pic data,5 mainly from 13C NMR, indicate that allene can be convenilently described

by a single covalent structure, whereas polar rescnance forms contribute signifi-
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cantly to the ground state of ketenimine and ketene. These polar structures show that
a positive and negative charge is located at the central and terminal carbhon respec-

tively.

c=c=c¢c”
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“C=C=N ——= C=C—N —= C—CEHN
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c=¢c=0 o--;c:c—o - C—C=o0

An inspection of the frontier MO's diagram4 of the three cumulenes is also very
instructive (Fig. 2). Ketene has a very low energy LUMO and high energy HOMO which
possess large coefficients at the central and terminal carbon respectively. The fron-
tier orbitals of ketenimine have similar coefficients as those of ketene but the ener-
gy of the LUMO is higher and that of the HOMO is lower. Frontier orbitals of allene
are even less accessible. These characteristics suggest a sequence of decreasing re-
activity from ketene, to ketenimine, to allene and the tendency of the two hetero-
cumulenes to react as electrophiles at the central carbon and as nucleophiles at the

terminal carbon.

9.
bt B O 0

L Gheser M § C'Donnell, 1977

Pig. 2 Frontier MD's of allene, ketene, and ketenimine (Ref. 4)

Accordingly, ketenimines are known to undergo 1,2—additions2 by nucleophiles
such as alkoxides and amines5 at the central carbon and by electrephiles such as chlo-
rine and hydrogen chloride7 at the terminal carbon (Scheme 1). They also undergo the-
rmally and photochemically induced 1,2-cycloadditions by 2JF and 4T electron systems
to give four and five-membered hetercocycles. Addition acress the C=C bond is the ru-

while addition across the C=N bond ig limited tc a few cases.
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Scheme 1
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A harvest of significant examples of four- and five-membered heterocycles deri-

ved from cycloaddition cof the indicated compounds to ketenimines is presented in Ta-

bles 1 and 2.

Table 1

Four-membered Haterocycles from Ketenimines
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Table 2

Five-membered Heterocycles from Ketenimines
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We have restricted our studies on ketenimine reactions within the limits of cy-

cloadditicns with 2T electron systems.

siteselectivity produced by changes of

The main attention was given to variations of

the stereoelectronic characteristics of the

cumulene as well as by the electron-donor and electron-acceptor character of the ke-

tencphile.

1. BReactions with Thiobenzophenone. Reactions of ketenimines with thioketones are tho-

. . : 16
se more extensively investigated in our Laboratory

since 1977 and whose characteri-

stics summarize gquite significantly the varicus facets of ketenimine cycloadditions.
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1.A. 1,2-Cycloaddition. Formation of 2-Iminothietanes. Phenylketene-N-phenylimine

lg undergoes17 thermal 1,2-cycloaddition by thicbenzophenone g acress the C=C bond
of the cumulene tec give 2-imincothietane 3a which subsequently rearranges to thica-
crylamide 4a {Scheme 2}. Alsc dimethyl=- and diphenylketenimines lb afford the cor-
responding 2-iminothietanes 3b provided that the group R" flanking nitrogen is an

ortho-dimethyl substituted aryl group, as shown, or an alkyl group. The stereoche-

R., Me
Scheme 2 C=CE Ny
i R : n'nl:f"
R =R = Me Ph
la b I —
.. Ph
R = 2.8-Me,C H 2 S Me
Ph.C =5 e
5 36
R= H
K= R= Ph

N
phr’:f I j Phy o
£=c NHPH
Ph, s ph” \C/

mistry of this cycloaddition is identical to that of ketene-thioketone cycleaddition
which in fact leads to 2—thietanone,18 both reactions showing a siteselectivity whinh
directs the nucleophilic¢ sulfur of the thione to become honded to the central elec-
trophilic carbon of the cumulene. 13C—NMR spectroscopy appears very useful for the
routine identification of these thietanes (Scheme 3), whase spectra are in fact cha-
racterized by two signals corresponding to the non-equivalent gquaternary carbons

C(3) and C(4) of the heterocyclic ring and by a low field peak for the carbonyl or
azomethine carbon. Interestingly, substitution of the phenyls at C(3) by methyls re-

duces the difference between the signals of C(3) and C(4), but still two peaks are

observed.
E]
' C NMR (CDCIa) OF THIETANES
Scheme 3
Ph, 92.7 A Ph., 834 LU YT NR
2r 2 2

1940 LN 169.4
Phol430 5 Ph, 869 s Ph 45,3 S
2-thietanone Z2-iminothietanes

H Kohn et al. (1978}

The structure of 2-iminothietanes 3 was unequivocally assigned by X-ray analy-

—155] —




sis19 {(Fig. 3). Of relevance are the long S5-C(4) bhond distance (1.868 R) and the pu-
ckering of the four-membered ring. It is likely +that this non-planar arrangement
releaves the angular strain and steric repulsions which would cccur from eclipsed
substituents in a strictly planar conformation and provides compounds 2 with high

thermal stability. Therefore, the ring opening of 3-monosubstituted 2-iminothieta-

Fig. 3 Schematic view with relevant bond distances (i) and angles
(degrees) of 2-(2,6-dimethylphenylimino}-3,3-dimethyi-4,4~
-diphenylthietane. Deviations of the atoms of the four-mem-
bered ring from the mean plane are indicated in a separated
cclumn (Ref. 19).

nes 3a to thioacrylamides 4 (Scheme 4) which cccurs during the work-up operations
of the reaction mixtures and prevents adducts gg to be isolated in a pure state,

may be ascribed teo the possibility of releasing hydrogen from {3}, rather than to
the intrinsic thermal instability of the thietane ring. Whether the rearrangement

H™ ™~

Ph T

Scheme 4 Ph‘ 7N\V:j:5 ph\jﬁLjr’N
:[;j; fh S
4

N\ /

3a
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éa_1 — ig occurs in one step by 5-C(4) bend cleavage in concert with migration of hy-
drogen from carbon to nitrogen, or stepwise through an imincthietene 3a', is a point

which deserves further studies.

Spiro-Z-iminothietanes have been obtained from photochemically induced cycload-

ditions of cyelicthiones (thiantrone, xantene thione, and thioxantene thione) to N=-

—arylketenimines .21 (Scheme 5}).

Scheme 5 O Q

X S + Ph,C=C=NPh — " . ¥ NPh

) (2™

H. J T.Boss er al, Tetrahedran Latt., 4343 (18977)

between thiobenzophenone 2 and dimethyl- and diphenylketenimines ‘l=g whose nitrogen
is flanked by & meta or para substituted aryl group, the 1:1 adducts isolated in mo-

16,17 (Scheme 6). The for-

re than 80 % yilelds, resulted to be 4H-3,1-benzothiazines é
mation of products 5 can be formulated as a 1,4-cycloaddition of the C=S bond of the
thione across the C=N bond of the cumulene and the C=C bend of the N-aryl group to
give a six-membered ring condensed with a cyclohexadiene, viz. the bicyclic hetero-
polyene system 5a, whose aromatization by hydrogen migration leads to the chserved

product 5. While the formation of 5a constitutes a mechanistic problem which will be
censidered in a moment, other pathways which exclude 5a as an intermediate along the

reaction pathway from reactants 1c and 2 to benzothiazine 5, are hardly conceivable.

=C=N
Scheme 6 R(C @ a
1c X

R H R
]
N. . CSCHPH N%_\ CHR,
2 - R =

ag! PhaC=s T

x $ X s x 5
Fh Ph #f Pn Ph Ph
5b

Sc 5
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An indirect evidence for the existence cof 5a, or 5b, comes from the formation of the

bis-adduct 5c as sideproduct of 5. This is consistent with the addition of a second
molecule of thioketone g to the exocyelic C=C bond of gg, ot ég as shown, in competi-

tion with hydrogen migraticn to give benzethiazine 5.

Since benzothiazines 5 do not have spectroscopic characteristics to allow an
22
unequivocal structural assignment, this was obtained from an X-ray analysis
which, by the way, represents the first structure determination of a 4H-3,1-ben-

zothiazine system,

1.C._Concurrent 1,2- and 1,4-Cycloadditions. Mechanism of Formation of 2-Imincthie-

tanes_and 4H-3,1-Benzothiazines. Unlike ketenimines of type la and 1b which undergo

sitespecific 1,2- or 1,4-cycloaddition, methylketene-N-phenylimine lg follows both
pathways to give 2-iminothietane gg and 4H-3,1-benzothiazire 3d in almost equal am-
ounts17 {Scheme 7). Both adducts ad and 5d are satisfactorely stable at rcom tempe-
rature, but on heating 2-iminothietane 3g@ rearranges to thicacrylamide 4d whereas
benzothiazine 5d remains unaltered. The exclusive conversion of 38 to 4d although
ortho pesitions of the N-phenyl ring are equally available for the rearrangement tc
benzothiazine 5d, indicates that the formation of products 5d and 34 is kinetical-

ly controlled withcut subsequent conversion of the one into the other.

Scheme 7 C“‘c"N

D_—-@/Y

2 5d

3d:5d 1
H'~ NPh
Me
_ Ph.C=Ci{Me)—C-NHPh
Ph s Il
s

F

3d 44

The kinetics23 of the 1,2- and 1,4-cycloadditions reveal that both reactions
occur at comparable rates in sclvents of different polarity and have activation pa-
rameters characterized by relatively small activation energies and large and negati-
ve activation entropies (Table 3). However, there are significant differences between
the values of these parameters in the two reactions and the variations of rate to
changes of substituents are in opposite directions since electron-donor groups on ni-
trogen of ketenimine decrease the rate of the 1,2-cycloadditiocn but increase that of
the 1,4-cycloaddition. Substitution at carbon exerts a dramatiec effect on the rate

of the 1,2-cycloaddition as shown by the relative reactivity between phenylketene-N-
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-mesitylimine (9.5) and the diphenyl derivative (0.001) (Takle 4).
Table 3
Cycloadditions ol Ph,C=5 tg Keteaimines
11=Cyel.  Me,C=Cz=N-PhMe
Solvest  cci, CHaCI Ma,C0 MeCN
el rate 178 10 0,95 2.38
B, =78 ucatfmat  AY = -496u
1.2-Cyel. MeaC=C=Nmas
Solvent ¢, CO,CI, CDCly
rel rale 2,20 114 1.0
By = 148 kcap/ma Afz-32e0,
Table 4
Cycloadditishs a1 Ph,C=S to Ketemimines (cc),}
1, 2—Cyel
Ph Ph,
e N N LN
H/C—C_N-Fh JE=C=NMes H/c=c:m‘m JE=C=NMes
rel. 73 85
™ 18 0.001
(R ATN
Me Me
N Me £h
C=Cz=N.PhOMa Ne=c=wnFp R — N
Mn/ M-/ Me M./C_-C—N Ph Ph/c_‘:7N Ph
::L 20 ' 1.0 0.1
Therefore, among various mechanistic possibilities

{Scheme 8} preference is gi-

ven to & Scheme where 3 and 5a are formed through two independent pathways by concer-

ted mechanisms, rather than through multi-step processes involving the zwitterion

(5-3} or the 1,3~thiazetidine {(3-3) as intermediates. Accordingly, interaction dia-

23
grams

between frontier MO's indicate as most probable two pericyclic processes,

viz. a é_“45+“2s_7 between the C=5 of the thione and the hetercdiene system consti-

tuted by the C=N of the cumulene and the C=C bond of the N-aryl grcup (1,4-cycload-

dition), and a /*'2 +_ 2 +_2 7 involving the two orthogonal T systems of the cumulene
_nm m m -

and the lone-pair on sulfur (1,2-cycloaddition). The latter formulation is similar

- = 24
to the six-electron symmetry-allowed / ﬂ25+n25+n25—/ process a

which currently re-

lied upon to rationalize the concerted cycloadditions of 2JF systems to C=C bond of

ketene, as an alternative to the classical, equally symmetry-allowed, é_"25+n2 7

24b
process.

a—

The reactivity order for the various types of ketenimines and the accompanying
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nﬁ—‘NPh
Scheme 8 __L
Ar
/ (3-5) \
.
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! Ph ‘ :: N
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5

Ar—] 5 ARLC=S

\ b = P /
R/c"%-.t =NPn

variations cf siteselectivity can be interpreted in terms of competition between the-
se two pericyclic processes whose relative extents depend on a balance of steric and
electronic effects (Scheme 9). In phenylketene-N-phenylimine la, where the C=S of the
thione can easily reach the C=C bond of the cumulene by apprecaching the moclecule from
the unsubstituted side, electronic effects determine a high reactivity and direct si-
selectivity across the C=C bhond to give iminothietane 3a (R = Ph). In methylketene-
-N-phenylimine 1d, however, the importance of the electronic factors must ke some-
what reduced so that the rate of the 1,2-cycloaddition decreases in favor of the 1,4-
=cycloaddition and iminothietane ég (R = Me} and benzothiazine gg (R = H) are formed
competitively in almost equal amounts. In dimethylketene-N-phenylimine l1¢, and in di-

phenyl derivatives as well, where substituents at carbon of the cumulene hinder the

Reactivity and Siteselectivity of Kelsnimines with Ph,C=5%

H
Scheme 9 Neme=nph

P 1a

approach of the thione from both sides of the C=C bond, the 1,2-cycloaddition beco-
mes a very high energy process which gives way to the 1,4-cyclcaddition across the
heterodiene system C=N-C=C to give benzothiazine gg (R = Me), When also this mode cf
reaction is inhibited by orthc substituents in the N-aryl group, such as in dimethyl-

ketene-N-mesitylimine lb, the 1,2-cycloaddition across the C=C bond of the cumulene

— 1556 —




HETEROCYCLES, Vol 14, No. 10, 1980

takes place, although at very low rate, to give iminothietane 3b.

1.D._Other Examples of 1,4-Cycloaddition_to Ketenimines. While the formation of 2-

~iminothietanes 3 constitutes buth a further example of 1,2-cycleoaddition across the
C=C beond of ketenimine which fits in the usual reactivity scheme cof cumulenes, the
formation of benzothiazines 5 through a 1,4-cycloaddition which involves the C=N bond

of the cumulene and the C=C bond of the N-aryl group, is more attractive (Scheme 10}.

Scheme 10

IC=C=N\

R N
NHR
+ __1,2-Cycloadn —.\%\rr
\ 5 s

c=s

/
i
N CH
1,4-Cyeloadn Yl
R=Ph

In fact examples of this stereochemical variable in ketenimine cycloadditions are
less common. One concerns the reaction between trifluoromethylketene-N-phenylimine

and vinyl ethers to give fluorinated quinclines3 (Scheme 11}, another one is provi=-

(F,CHLC= C =NPh N\ C(CF,),
Scheme 11 + —_——

H OR

H.C = CHOR

-ROH

Ny ~CICF,),
o

R. Gambaryan, Russian Chem. Rev., 45, 630 (1978)

R = Alkyl

ded by the reactions of dimethyl- and diphenylketene-N-phenylimines with ynamines

to give again substituted quinolines25 (Scheme 12), Finally, very significant is the
behavior of vinylketenimines, a new class of heterocumulenes, described by Chosez and
collaborators. For instance, vinylmethylketene-N-tolylimine undergoe526 {Scheme 13)
twc 1,4-cyecloadditions at different sites, one across the C=N and the C=C of the N-
-aryl group by electron-donor ketenophiles, e.g. 1-diethylamino-2-phenylacetylene,
the other one across the dienic system formed by the C=C of the cumulene and the vi-

nyl group by electron-acceptor ketenophiles, e.g. dimethyl acetylenedicarboxylate.

Very attractively, the presence of the vinyl group attached to carbon of kete-
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R,C =C=N-Ph N

° _— -

Ra

1 1
Scheme 12 RC=C NEt, R

NEt,
R and R' = Me Ph

L. Ghosez, C.de Parez, Angew. Chem. Int. Edn 10 184 (1871}

H Me
|
PhC = CNEt, N Me
Scheme 13 =

Me Me Ph

R = CO,Me

L. Ghozaz ot sl J. Am.Chem, Sac., B8, 3417 (1e73)

nimine discloses the possibility of a new stereochemical variable in cycloadditions

with thioketones.

1.E. 1,2- and 1,4-Cycloadditicns to Vinylketenimines. Formation of Vinylthietanes,

s. Cycloadditions of thiobenzophenone

2 to vinylketenimines occur at different sites of the cumulene and involve both the

N-aryl and C-vinyl groups.27 The results are summarized in the following Schemes.

Vinylketeneg-N-tolylimine ;g {Scheme 14} undergoes 1,2-c¢ycloaddition across the
C=C bond of the cumulene to give the 3-vinyl-2-iminothietane 3e (53 %) and 1,4-cy-
cloaddition across the (=N of the cumulene and the C=C bond of the N-tolyl group to
give the 2-vinyl-4HE-3,1-benzothiazine 22 (21%) . Iminothietane 22 rearranges on hea-
ting to the highly unsaturated thicamide ig whereas benzothiazine gg is thermally
stable. The larger amount of 3¢ with respect to 5e (ca. 2.5 : 1 ratioc) indicates that
alsc for a moncsubstituted vinylketenimine, e.g. le, the 1,2-cycloaddition is prefer-
red over the 1,4-process. In this reaction the thioketone g reveals its electron-
-doner character since of the two possible 1,4-cycloadditions, preference is given
to that involving the N-aryl group, as observed for the dectron-rich dienophile yna-

mines.
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From the reaction of vinylmethylketene-N-tolylimine 1f, however, the vinylben-
zothiazine 5f is isclated in 80 % yield. Evidently, as observed for C-phenylketeni-
mine lg, substitution at the terminal carbon of a vinylketenimine inhibits the 1,2-

cycloaddition in favor of the 1,4-process, thereby confirming the importance of ste-

ric effects cn the siteselectivity of these reactions.

H,C=CH
Scheme 14

HETEROCYCIES, Val

NCqH,Me
H - Bt
Phl—s

3e {53%)

5t (no%)

It was very interesting tc notice that alsec meta substitution in the N-aryl

group of the vinylketenimine affects the stereochemical

In fact vinylmethylketene=-N-(3,5-dimethylphenyl)imine 1g (Scheme 15) undergoes the

two sitedifferent 1,4-cycloadditions, one involving the

benzothiazine 5g, the other omne involving the C-vinyl to give the six-membered ring

adduct thiacyclohexene-2-imine 6g in ca. 2:1 ratio.

Finally, when also the two ortho positions of the N-aryl group are bklocked by

methyls as in vinylmethylketene-N-mesitylimine ;2, the 1,4~cycloaddition across the

Scheme 15

Me.
Ph,C=5

3 14—
Me
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5q (45%)
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Ph,
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C=C bond of the cumulene and the C-vinyl takes place to give the thiacyclohexene-2-

-imine 22.

From an overview of the reactions of vinylketenimines with thiobenzophenone
2 it appears that this class of heterocumulenes offers to thicketones the choice
cf three different sites for cycleocaddition, wviz. the C=C bond of the cumulene for
a t,2-cycloaddition, the heterodiene system C=N-C=C{aryl) for a 1,4-cycloadditiocn,
and finally the diene system C=C-C=C(vinyl) for another 1,4-cycloaddition. It is
worth noting that in our approach the reacticn of vinylketenimines with a single
partner can be directed *to produce three *types of heterocycles. Each of these pos-
sesses an exocyclic unsaturated function, viz. C=C and C=N bond, which may be used

for further synthetic transformations.
— ——=N
VPR N
— ~—r

1.F. Interpretation of the Siteselectivity in Ketenimine-Thioketone Reactions by

which are in part responsible for the variation of siteselectivity in ketenimine-
-thioketone cycloadditions. To do that on a qualitative ground, let us consider a

molecular orbital diagram of ketenimines constructed using data from STO-3G calcula-
28
23 and PES28 {Fig. 4). The relevant MO's of the model ketenimine H2C=C=NH

are the two cccupied MO's very close in energy {the NHOMO‘QH being mainly HEN mixed

tions

with some H%H in an antibonding manner; the HOMO'#E being mainly ng with a substan-
2

tial contribution ﬂbc in an antibonding manner) and the two empty MC's having also
similar energies (the LUMO w’; is mainly J‘E:N and the NLUMO 1]): is mainly n:c) . The
HOMO‘QE and the LUM01p§ are the MO's .involved in Zf2+2_7 cycleoadditions across the
C=C bond. For the relatively high and low energies respectively of uh and@p? it is
understandable why there is a preferential siteselectivity toward this centre, pro-

vided that steric factors are negligible.

The interaction of ﬁH and1p§ MO's with proper orkitals of the co-planar N-phe-

2
nyl ring ° creates twoc new orbitals Q%

respectively. Therefcre, when steric effects inhibit the £H2+2_7 process, these or-

mui@i which are at higher and lower energies

bitals are available for a £_4+2_7 reaction. Finally, also the presence cf a vinyl
group at the terminal carbon creates a new set of crhkitals since'ﬂ% mixes with ﬂ%c
in an antibonding way to give Zz higher in energy and'ui mixes withstzc in a bonding
way to give Z: lower in enerdgy. These new orbitals account for the 1,4-cycloaddition

across the C=C of the cumulene and the vinyl group when sterie factors inhibit the
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electronically favored 1,2-cycloaddition.

°.u>

Fig. 4 Frontier MO's of ketenimine H2C=C=NH (center), N-phenyl deri-

vative {(right), and C-vinyl derivative (left).

In conclusion, the interaction of substituents with the orthogonal fT-systems of
the cumulene creates new sets of orbitals which possess proper energies and sym-
metries tc allow different siteselective cycloadditions. The relevance of the empty
or occupied orbitals of the cumulene, and conseguently the siteselectivity, depends
on the electron-donor or electron-acceptor character of the other partner of the rea-
ction, a point which can be decided after the constructicn of the MO's interaction
diagram for each reaction. Of course, this interpretation helds on the assumption

that the reactions under study are pericyclic processes.

1.G. Heterocycles fro Ketenimine-Thicketone Cycloadditions. An Overview. The results

presented in the preceeding Sections show that ketenimines display a polyvalent cha-
racter as cycloaddition partner with thioketones (Scheme 16) since they undergo 1,2-

and 1,4-cycloadditicn which allow the construction of three types of sulfur hetero-

Scheme 16 NR®

N, _R'R?
" Y
{ R R, - 5
~Crre. c=c=NR" 5.2
6 iy B Lot s
+
Ne=s
72
l(z+:)
) 3
R NR
3
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cycles, viz. the four-membered ring thietanes 3, the six-membered ring thiazines 5,
and the six-membered ring thiacyclchexenes 6. In mest of the cases examined, the rea-
ctions are sitespecific in favor of one of these pathways, although the occurrence

of twc competitive modes of cycleoaddition has been cbserved in some cases.

vinylketenimines to undergo sitevariable cycloadditions is under study using electron-—
poor heteroenes which are expected (Sect. 1.F.) to be quite reactive and give 1,2-cy-
cloaddition across the C=C bond of the cumulene or 1,4-cycloaddition involving the

vinyl grcup.

Vinylmethylketene~N-mesitylimine 12 (Scheme 17} undergoesao 1,2-cycloaddition
by the strong electron-acceptor heterocumulene p-toluenesulfonylisccyanate to give
the 4-iminocacetidinone 1, as reported10 for other ketenimine-isocyanate cycloadditi-
ons, whereas with the less strong acceptors N-dicyanomethylene-p-chloroaniline and
sulfur dioxide the 1,4~cycloaddition prevails to give the six-membered adducts aza-

cyclohexene-2-imine 8 and 3-dihydro-6-imino-1,2-oxathiin-2-oxide 9, respectively.

H,C=CH
i NAr
M r[:j’
Scheme 17 ®
N
¢0 o 7 \‘Tus.
=G
B NA
102 Me ‘ 'Y
r
M ATN=CICN), N
C=C=N-Ar (CNY,
HC=CH S0 8
2
1h NAY

Me
Q
Ar 2 mesityl | "_.-,
2

&F = p-CIC,H,

The 1,4-cycloaddition between the vinylketenimine lg acting as a diene and the oxy-
gen-sulfur bond of sulfur dioxide to give the cyclic sulfinic ester 9 parallels si-
milar reactions of vinylallenes31 and certain dienes32 with sulfur dioxide. This pe-
riselectivity, however, is quite rare whereas that usually observed is the cheletro-
pic L_"4S+ m25_7 proce5533 which leads to five-membered ring sulfones (sulfolene rea-

ction}.

vestigation on the reactivity of various ketenimines toward sulfur dioxide, we have
34 R . . A s
observed that dimethylketenimines 1b react with liquid sulfur dioxide to give 1:1

adducts (ca. %0 ¥ yield) {Scheme 18) whose significant spectroscopic characteristics

were (R = PhMe) a very strong IR(CC14) absorpticen at 1770 cm_1, 1H NMR(CDC13) peaks

at 1.67 and 1.70 ppm (2 Me), 13C NMR(CDC13) signals at 15.6 and 18.3 ppm (two prima-
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ry carbons) and at 78.6 and 166.9 ppm {two guaternary carbons). The structure which

is better compatible with these spectroscopic properties is that of the four-membe-

R= PhMe

Scheme 18

IR »177O
1
M rar 1T0

Me
C=C=N-R 80, 1:1 adduct

N

‘]C Aiae 183
TR
187

R = PhMe, c-CGH“

red ring 1,2-oxathietan-4-imine-~2-oxide 19 ( B~sultine) which possesses two diaste-
reotopic methyls at C(3) as required by the NMR spectra,and an exocyclic C=N bond as

indicated by the low field signal in the 13C NMR spectrum and the 1770 <:m_1 absor-

ption in IR which is in the range of the values reported for iminolactones!1’35 Cn
the other hand, the three-membered ring structure of iminothiirane-1,1-dioxide 11
(episulfone) appears unjustified since owing toc its symmetry, it requires the equi-

valence cof the two methyls at C(3).

M
NR Mey, NR
me?’ Me”
S
O" \0

1t 10

egisutfane p-sultine

Should the coxathietanimine structure be correct, these results £ill in a re-—
levant gap ©f the literature, viz. the preparation of stable pB-sultines, a
class of cyclic sulfinic esters which have been hitherto elusive,36 and provide an

unequivocal example of Zf2+2_7 cycloaddition to SO a long pursued reaction whose

2!
) coas . 37
cccurrence has been advocated in scme cases from indirect evidence.

Conclusion

The cycloadditions between ketenimines and 2JF electron systems cffer a flexi-
ble way for the synthesis cof four- and six-membered ring heterocycles, thus increa-
sing the value of these cumulenes as intermediates for heterocycles. The scope of
these reactions appears quite wide and compensatesfor some drawbacks of ketenimines
such as their low reactivity and difficulty cof preparation in a pure state. On the
" other hand, ketenes although more reactive than ketenimines,4 appear less flexible
intermediates since undergo preferentially 1,2=-cycloaddition across the C=C bond.
For instance, unlike vinylmethylketenimine 1f, vinylmethylketene 12 reacts (Scheme

19) with thiobenzophenone, benzalaniline, and ethyl vinyl ether to give invariably
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the corresponding four-membered ring adducts.38

HL=CH
" 0
Me?” [
Scheme 19
Phl g
5
Lo H,C =CH
Me E o
Se=gw PhCH=NFh Mes
) =2
Hc=ch & phl—NPh
12 OCH\
MG =CH
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