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ABSTRACT
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2-Monosubstituted 1,3-dioxolanes and dithiolanes act as hydride-releasing fragments, transferring intramolecularly their acetalic H atom to th e
central carbon of ketenimine functions. The presumed products of these migrations, o-quinomethanimines, undergo in situ 6  zz-electrocyclization.
A computational study supports this mechanism and the hydride-shift character of the first step. Carbodiimides were also suitable substrates,

although less reactive.

While investigating the addition of carbon radicals to in 3ais formed by connecting the original acetalic carbon
ketenimines we attempted the generation of a “protected of 1a with the terminal carbon of its ketenimine function.
acyl” radical by abstracting the acetalic H atom of the acetal- We interpreted this result in mechanistic terms as the [1,5]
keteniminela with tert-butoxy radicalg. Our aim was that ~ migration of the acetalic proton ofla to the central
once formed, the new radical would add to the central carbon heterocumulenic carbon, thus leading to the reactive inter-
atom of the ketenimine function for leading to the (2-indolyl)- mediateo-quinomethanimineta, followed by its 6r-elec-
(diphenyl)methyl radicaa and from this to more complex trocyclization to3a (Scheme 2).

indolesta ¢ We found that the actual product of this reaction
turned out to be the carbonyl-protected 4-quinol@ee
(Scheme 1). In compourga the original acetalic hydrogen  Scheme 2. Proposed Mechanism for the Conversibm— 3a

of 1ais now situated at carbon 2 of its 3,4-dihydroquinoline H 0—> o
ring system, whereas the new six-membered ring appearing o M5HH ©\)\o Ph  srERC
N \N‘(/L e
1a Oy Ph 4
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Scheme 1. Cyclization of Keteniminela Bh @Ph
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H o—> 52N Ph In fact, we proved that the conversida — 3a occurred
t t . . .
0 Bu'OOBu by refluxing a toluene solution dfafor 1 h, in the absence
N o-xylene, O) O\
1a \\C\\C/Ph reflux, 1 h F;r; (1) (@) Alajafn, M.; Vidal, A.; Orfin, M.-M. Tetrahedron Lett2003
i L - 44, 3027. (b) Alajam, M.; Vidal, A.; Orfin, M.-M. Org. Biomol. Chem.
Ph N7 H 2003 1, 4282. (c) Alajaim, M.; Vidal, A.; Orfin, M.-M.; Bautista, D New
3a J. Chem2004 28, 570. (d) Alajafn, M.; Vidal, A.; Ortin, M.-M.; Bautista,

D. Synlett2004 991.
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of radical-promoting reagents. The proposed intermediate Whereas ketenimines are known to participate in a variety
was neither isolated nor detected by following the reaction of cycloaddition reactions andzelectrocyclization$,only
by 'H and'3C NMR experiments (toluends, 100°C, 1.5 a few examples of sigmatropic rearrangemeatsd sigma-
h), in which startingla and final 3a revealed as the only tropic shifts of atoms or groups of atotis ketenimines

components of the reaction mixture. have been reported so far.
Following these initial experiments, we examined similar ~ From these latter, the [1,3] sigmatropic shifts of different
transformations for a series of acetal-ketenimihase (X electron-rich groups to the central carbon of ketenimines

= O) and dithioacetal-keteniminds—h (X = S), prepared reported by Wentrdg™" are the best studied. To our
from the corresponding 2-azidobenzaldehydesy the knowledge, only five cases of [1,5] sigmatropic sHifts
synthetic sequence summarized in Scheme 3, via the azidoinvolving ketenimine functions have been reported, four of
them involvirg a H transfer to their central carb®m.p

One of these, also due to Wentrifds closely related to
our present results. It occurs Nraryl ketenimines bearing
a methyl group at the ortho position, which experience [1,5]
shift of one of the CH protons and subsequentr6

Scheme 3. Preparation of 3,4-Dihydroquinolines

For X=0
HOCHchz()Hv p—TSOH

X
R! CHO be";f’g;;,/re;'i‘;’l‘&e’ h o g H :> electrocyclization to 3,4-dihydroquinolines when they were
- o f "
\Q: ForX=S generated under flash vacuum thermolysis conditions-{400
Lo N3 HSCH,CH,SH, BF3.ELO L. Ny 700°C). To check if suchN-(o-tolyl)ketenimines would also
5 CHyCly, 1t 4 h 6 behave similarly under the mild thermal conditions of the
84-86%yield  ppp, 85-98% conversiorl — 3 we submitted the known ketenimiigé to
B0, rit, 16 h | vield heating in toluene solution at reflux temperature, but after
. H X PhRC=C=0 . H XS 48 h it still remained unchanged (Scheme 4). After the same
R X toluene, r.t, 15 min. X solution was heated in a sealed tube at *80for 24 h
_ compound8 was also recovered intact.
Neo. go N=PPh,
1 R e R 5 (2) (a) Hayday, K.; McKelvey, R. DJ. Org. Chem1976 4, 2222. (b)
Ph Malatesta, V.; Ingold, K. UJ. Am. Chem. So&981, 103 609. (c) Beckwith,
ForX=0 fam) A. L. J.; Easton, C. 1. Am. Chem. S04981 103 615. (d) Venkateswara,
) ora= X X o3 R. B.; Chan, J. B.; Moskowitz, N.; Fraser-Reid, Bull. Soc. Chim. Fr.
oluene, reflux, 1 h R! R 1993 130, 428
_70% Vi .
58-70% yield Ph (3) For reviews in the chemistry of ketenimines, see: (a) Krow, D. R.
| F°fX=ﬂS 16h N H Angew. Chem.nt. Ed. Engl.1971, 10, 435. (b) Gambaryan, N. Rlsp.
to 12592"375/9 ‘!XI- ’ K2 3 Khim. 1976 45, 1251. (c) Dondoni, AHeterocycles198Q 14, 1547. (d)
-fihyle Barker, M. W.; McHenry, W. E. ImThe Chemistry of KeteneAllenes and

Related Compound$atai, S., Ed.; Wiley-Interscience: Chichester, UK,
1980; Part 2, p 701. (e) Alajary M.; Vidal, A.; Tovar, F.Targets Heterocycl.
L . . L Syst.200Q 4, 293.

acetals and dithioacetas their respective iminophospho- (4) (a) Brannock, K. C.; Burpitt, R. DJ. Org. Chem1965 30, 2564.

ranes7, and finally by the aza-Wittig reaction of the latter (b) Walters, M. A.; McDonough, C. S.; Brown, P. S, Jr.; Hoem, A. B.

; ; ; : _Tetrahedron Lett199], 32, 179. (c) Walters, M. A.; Hoem, A. B.; Arcand,
with disubstituted ketenes. When toluene solutions of acetal H. R Hegeman, A. D.. McDonough, C. Setrahedron Left1993 34

keteniminedla—e (X = O) were heated at reflux temperature 1453. (d) Walters, M. A.; Hoem, A. Bl. Org. Chem1994 59, 2645. (€)

for 1 h. th rr ndin irol1.3-dioxolane:23H)- Walters, M. A.J. Am. Chem. S0d.994 116, 11618. (f) Walters, M. AJ.
0 , the corresponding spiro[1,3-dioxolane:g3) Org. Chem.1996 61, 978. (g) Molina, P.; Alajdn, M.; Lopez-Leonardo,

quinolines] 3a—e (X = 0), members of a pr_eViOl{Sly _ C.Tetrahedron Lett1991, 32, 4041. (h) Molina, P.; Alajan, M.; Lopez-
unknown heterocyclic system, were cleanly obtained in fair Leonardo, C.; Alatara, JTetrahedron1993 49, 5153. (i) Nubbemeyer,

. . s U. Synthesisl993 1120.
to good yields (Table 1). In a similar way, the dithioacetal- (5) For articles dealing with [1,3] migrations in ketenimines, see: (a)

Cheikh, A. B.; Chuche, J.; Manisse, N.; Pommelet, J. C.; Netsch, K.-P.;

I 0 g R Wentrim. @ Chern, Stachem Gomman
Kollenz, G.; Leung-Toung, R.; Wentrup, @.Chem. SocChem. Commun.

inoli 1992 487. (c) Kappe, C. O.; Kollenz, G.; Netsch, K.-P.; Leung-Toung, R;
Table 1. Quinolines3 Wentrup, C.J. Chem. So¢.Chem. Communl992 488. (d) Fulloon, B.;
compd X R! R2 R3 yield (%) El-Nabi, H. A. A.; Kollenz, G.; Wentrup, CTetrahedron Lett1995 36,
6547. (e) Fulloon, B. E.; Wentrup, Q. Org. Chem1996 61, 1363. (f)
3a (6] H H Ph 70 Ramana Rao, V. V.; Wentrup, Q. Chem. Sog¢.Perkin Trans. 11998
3b 0 H H CH, 58 2583. (g) Wentrup, C.; Ramana, Rao, V. V.; Frank, W.; Fulloon, B. E.;
3 0 CH H Ph 68 Moloney, D. W. J.; Mosandl, T. Org. Chem1999 64, 3608. (h) Finnerty,

C 3 J. J.; Wentrup, CJ. Org. Chem2004 69, 1909. (i) Aumann, R.; Heinen,
3d 0 Cl H Ph 68 H. Chem. Ber1988 121, 1739. (j) Clarke, D.; Mares, R. W.; McNab, H.
e (6] H CHs Ph 67 J. Chem. Soc. Chem. Commu®93 1026. (k) Clarke, D.; Mares, R. W.;
3f S H H Ph 74 McNab, H.J. Chem. So¢Perkin Trans. 11997 1799. (I) Amsallem, D.;

3 S H H CH 592 Mazieres, S.; Piquet-Faly&/.; Gornitzka, H.; Baceiredo, A.; Bertrand G.

g 3 Chem. Eur. J2002 8, 5306. For articles dealing with [1,5] migrations in
3h S Cl H Ph 71 ketenimines, see: (m) Goerdeler, J.; Lindner, C.; Zande€Hem. Ber.

1981 114 536. (n) Morel, G.; Marchand, E.; Foucaud, A.Org. Chem.
1985 50, 771. (0) Ramana, Rao, V. V.; Fulloon, B. E.; Bernhardt, P. V;
- _ . . Koch, R.; Wentrup, CJ. Org. Chem1998 63, 5779. (p). Alajam, M.;
ketenimineslf—h (X = S) were converted into the spiro-  vigal, A.; Ortin, M.-M. Tetrahedror2005 61, 7613. (q) Alajam, M.; Ortin.
heterocycles3f—h (X = S), although with the remarkable M.-M.; Sanchez-Andrada, P.; Vidal, A.; Bautista, Dirg. Lett. 2005 7,

. .. . . . 5281. (r) Alajafn, M.; Orfin, M.-M.; Sanchez-Andrada, P.; Vidal, AJ.
difference of requiring longer reaction times (16 h in & "chem2006 71, 8126-8139.

refluxing toluene). (6) Stevens, C. L.; Singhal, G. H. Org. Chem1964 29, 34.
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s hydride donors have been measured, and some hydricity

Scheme 4. Thermal Treatment of Ketenimir@ scales are availabffacApart from these, other classes of
CHs toluene. reflux. 48 “organic_ hydride” systems have emerge_d_ in the last years,

@ Ph . : unchanged mainly in the search of new opportunities for chemical
N=C=C ?ggoj}éen;i ﬁea'ed tube, hydrogen storage. Among them there are nitrogenated

8 heterocycles such ad,N-dimethylbenzimidazoled 8,7¢11
2-benzoylN,N-dimethylperhydropyrimidind 9,°¢ and ortho-

formamides20'? (Chart 1).

The comparison of the thermal stability 8fin solution

with the easy transformation of ketenimingsnto spiro- _

heterocycles8 under milder conditions clearly reveals that Chart 1. Examples of “Organic Hydride” Systems
the acetal function ofl (and, to a lesser extent, the / / H
dithioacetal group) favors the occurrence of the tandem [1,5]- H N H CJ:7
H shift/electrocyclization. To find reasons for explaining the @EI\S( C XOO Ph gg ,87
beneficial influence of the acetal and dithioacetal functions h‘lu R N\ ) 5

to such conversions we carried out a computational study at 18 R = H, furyl, thienyl 19 20

the B3LYP/6-31G** theoretical level of the three reaction
sequences shown in Scheme 5: model ketenimines with

The remarkable hydricity 020 is explained as a conse-
guence of its preference for the conformation drawn in Chart
1, in which the central €H bond is weakened and polarized
by the three antiperiplanar lone pairs at nitrodett. is a

Scheme 5. B3LYP/6-314+G** Energy Barriers (kcamol™1)

0_0 S._S hyperconjugative interaction between the lone pair electrons
©\><H y Ho @(\H y and theo*(C—H) orbital that induces a weakening of the
N=c=C N=C=C N=C=C C—H bond and an increase of negative charge density at
9 H 12 H 15 H the hydrogen atom.
TS1alAE1 =29.01 T31b1AE1 =31.07 TS101AE1 =40.20 Although the 1,3-dioxolane and dithiolane functions have
not been explicitly recognized as imparting hydricity yet,
0/\(') S/\\l, they count with two antiperiplanar O or S atom lone pairs
Z H 7 H </v( H which can confer hydride-like character to their H atoms at
SN \N& \N/K C2, as represented in structxeand expressed by resonance
10 13 16

with the canonical structurB (Chart 2). Taking this into
TS2a l AE,=19.26 TSZbl AE, =20.26 TSchAEz =16.20

M M "

o__0 S__S
Chart 2. 2-Monosubstituted 1,3-Dioxolanes and
©(j 1,3-Dithiolanes

~ ~ -

N 11 N~ 14 NT 17 9 x+

X“"-\-.
A /xj:a ~— [ >R B
acetal @ — 11) and dithioacetali2 — 14) functions at the % X=0,8 XH

benzylic carbon and the unsubstituted cake -« 17) for
comparison. The results of this study are summarized in that
scheme. account as well as the electrophilic nature of the central

By comparing the computed energy barriers it seems carbon atom of a ketenimine functidhthe [1,5]-H shift
obvious that in all cases the [1,5]-H shift is the rate occurring in compound& can be reasonably qualified as a
determining step, and that the presence of the acetal functiorhydride shift
is favorable (lowering more than 11 kealol™* the barrier

; ; ; ; (7) Many H shifts have been qualified as “hydride shifts”. For a review
of the first step, in relation to the unsubstituted case) as well on hydride shifts and transfers, see: (a) Watt, C. |ABy. Phys. Org.

as that of the dithioacetal group although in a lesser extent,chem.1988 24, 57. For some representative recent examples, see: (b)

in coincidence with the experimenta| work. Kawai, H.; Takeda, T.; Fujiwara, K.; Suzuki, 7. Am. Chem. So2005
. . 127, 12172. (c) Schwarz, D. E.; Cameron, T. M.; Hay, P. J.; Scott, B. L.;
How to explain the positive role of the acetal and Tymas, w.; Thom, D. LChem. Commur2005 5919. (d) Birsa, M. L.;
dithioacetal functions in these [1,5]-H shifts? Our proposal Jones, P. G; I;cpf, HEur. J.”Org. Chem2005 I326h3. (e) O'Leary, J.;
; ; ; ; ; Formosa, X.; Skranc, W.; Wallis, J. @rg. Biomol. Chem2005 3, 3273.
is that thesglmlgratlons Can.b.e understoodmlde Sh.lft§ (f) Burk, S.; Gudat, D.; Nieger, M.; Du Mont, W.-Wl. Am. Chem. Soc.
and are facilitated by thkydricity of the acetalic functions. 2006 128 3946.

The termhydricity has been coined as substitutive of  (®) f'fﬁ1wér:’g%R§§g'g§£' i‘éé"’éﬁgft'si C.J.; Bruno, J. W.; DuBois,
hydride transfer (or hydride donor) ability. Typical chemicals " (g) (a) Ellis, W. W.; Ciancanelli, R.; Miller, S. S.; Raebiger, J. W.;
possessing hydricity are mainly the metal hydrides, but also DLfJBOI& M. _R-;d D#BOI_s, g).) Ié.J.kAm.N ChBem. 53%33 125 lﬁ_23§ooggd

. . - . references cited therein. arker, N.; Bruno, anometallic:
NADH-like compounds and triarylmethane derivatiféhe 20, 55. (c) Zhang, X.-M.. Bruno, J. W.: Enyinnaya, £ Org. Chem1998

thermodynami®® and kinetié® hydricities of some of these 63, 4671.
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In fact, the computed NBO analysis of ketenimiteand ||| AN

12 shows that the,n—~ 0* c—i4 hyperconjugative interactions 1 pie 2. Quinazoline22
are the dominant ones among those involving the acetalic

C—H bond (see the Supporting Information). The “charge __¢°mpd R! R? Ar yield (%)
transfer” from the lone pairs at the O and S atoms weakens 22a H H 4-CH30-CgH,4 81
that C-H bond, and this interaction is stronger in acetal-  22b H CHj 4-Br-CgHy 98
ketenimine9 than in dithioacetal-keteniming2.14 22c H CH;  4-Cl-CeH 97
We have also tested similar reactions involving carbodi- 22d H CHs 4-CHy-CeHy 99
- . . ) 22e CH; H 4-Br-CeHy 77
imide functions in compound®1, easily prepared from 29f CH, H 4-CL-CoH, 85

iminophosphoranes (X = O) and aryl isocyanates by aza-
Wittig type reactions (Scheme 6). The cyclization of carbo-

As expected, dithioacetalic carbodiimid28 were less
: . — . . reactive and we were not able to achieve their cyclization
Scheme 6. Pl’eparatlon of Sp|r0CyC|lC DlOXOlaanUlnazollneS under two dlfferent thermal Condltlons essayed (elther

22 o o-xylene, reflux, 72 h or toluene, 18T, sealed tube, 48
MO RN JE A SR
° M. © In summary, we have disclosed in this letter new [1,5]-H
NePph, o 0l%veld " Nee, shifts that occur under unusually mild thermal conditions
R? 21 R Near and proposed a rational explanation based on their charac-
7a-d o-xylene, reflux, 24-36 h 177-99% yield terization ashydride shiftsWe believe that our results allow
H S M the inclusion of the monosubstituted 1,3-dioxolane and
D) 'S e of th lioxolane ¢
s R Ar dithiolane functions into the ensemble of hydricity-imparting
)N\ functionalities. To our knowledge this is the first synthetic
Ny p L . . ;
2 Con g N "H utilization of hydride-releasing fragments for promoting
“Ar 22 R intramolecular H shifts, a strategy that presumably will find
further applications. Our current efforts are directed to this
end.

diimides 21 to the spirocyclic dioxolanoquinazolinez2,
presumably via similar consecutive [1,5]-H shifts and elec-
trocyclizations, required stronger conditions (refluxiog
xylene, 24-36 h) than their analogous keteniminds
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