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ABSTRACT

Density functional theory studies of intramolecular retro-ene reactions of allyldiazenes show that the reaction is a concerted process involving
a six-center cyclic transition state. The activation barriers for deazetization for X = H, Me, F, Cl, and Br (3a —e) are 2.4, 40.2, 22.3, 9.3, and 8.8
kcal/mol, respectively.
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Scheme 1. The Ene and Retro-ene Reaction one of our groups synthesized substituted 1-hydrazinodienes
X ene reaction X that were employed in DielsAlder reactions to obtain
( [ v cyclohexenes] (Scheme 2). Upon hydrolysis, intermediate
H Y retro-enereaction  H” monoalkyl diazene<, are obtained and undergo a nitrogen

extrusion reaction with alkene transpositidn.

bearing an allylic hydrogen (ene) to an unsaturated compound (4) (a) Ripoll, J. L.; Vallee, Y Synthesis1993,7, 659. (b) Paderes, G.
= i ici i D.; Jorgensen, W. L1. Org. Chem1992 57, 1904. (c) Dubac, J.; Laporterie,
X Y (e.nOphlle)’ usually electron def|C|er_1t. Formally, this A. Chem. Re. 1987, 87, 319. (d) Oppolzer, W.; Snieckus, ¥ngew. Chem.
reaction is a concertedZs+.2s1,2J process in Woodwared Int. Ed. Engl 1978,17, 476. (€) Hoffmann, H. M. RAngew. Chemnt.
Hoffmann notatior. The retro-ene reaction, the reverse of Ed. Engl.1969,8, 556. (f) Myers. A. G.; Zheng. Bletrahedron Lett1996,

. 37, 4841. (g) Mikami, K.; Shimizu, MChem. Rev1992,92, 1021.
the above process, is frequently observed at elevated tem-"{5)" 2cne. M. C.. Ripoll, J. LSynthesis985, 121.

peratures (Scheme 1). The retro-ene reaction involves a 1,5 (6) (a) Benn, F. R.; Dwyer, J.; Chappell, 1.11.Chem. SogPerkin Trans.

shift of hydroger? and its mechanism and synthetic utility 56119477' 533. (b) Stephenson, L. M.; Mattern, DJJOrg. Chem1976,41,
have been extensively documentethe retro-ene reaction @ (@) Yu, Z. X.; Houk, K. N.J. Am. Chem. S0€003,125, 13825. (b)
is a method for accessing unsaturated, often reactive mol-#ﬁmhaﬂcg' 'é- JIV HLOUKhK-_'\:]l F/?"j]- CFTBHE- 30%9%7, 10&] 694179-9(26)

. omas, b. E., , Loncharicn, R. J.; AoukK, K. N. Org. em y
ecules, and parallels the retro-Diels—Alder reacfion. 57. 1354, ' ! g

Both experimental dataand theoretical calculatiohs (8) (a) Price, J. D.; Johnson, R. Petrahedron Lett1985,26, 2499. (b)
[T . Ward, H. R.; Karafiath, EJ. Am. Chem. S0d969,91, 7475.
indicate that the reaction occurs through a concerted mech (9) (@) Sato, T.. Homma, |.: Nakamura, Betrahedron Lett1969, 871.
(b) Corey, E. J.; Cane, D. E.; Libit, L1. Am. ChemSoc.1971, 93, 7016.

T University of California. (c) Hutchins, R. O.; Kacher, M.; Rua, L. Org. Chem1975,40, 923. (d)

* Princeton University. Kabalka, G. W.; Chandler, J. Feynth. CommuriLl979,9, 275. (e) Corey,

(1) Alder, K.; Pascher, F.; Schmitz, Rer. Dtsch. Chem. Ged4943, E. J.; Wess, G.; Xiang, Y. B.; Singh, A. K. Am. ChemSoc.1987,109,
76, 27. 4717. (f) Myers, A. G.; Kukkola, P. J. Am. Chem. S0d990,112, 8208.

(2) Inagaki, S.; Fujimoto, H.; Fukui, KJ. Am. Chem. Sod 976, 98, (g) The Chemistry of the Hydrazézo and Azoxy Group®atai, S., Ed.;
4693. Wiley: New York, 1975; Parts 1 and 2.

(3) Woodward, R. B.; Hoffmann, RJ. Am. Chem. Socl965 87, (10) Myers, A. G.; Finney, N. S.; Kuo, E. Yletrahedron Lett1989,
2511. 30, 5747.

10.1021/0l0612049 CCC: $33.50  © 2006 American Chemical Society
Published on Web 06/14/2006



Scheme 2. Synthesis of Allylic Diazenes and the Retro-Ene
Deazetization Reaction
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The transition states for reactions34, 4, and5 are shown
in Fgure 3, and the energetics are summerize in Table 1.

We have established, through DFT calculations, the
mechanism and the character of the transition states for thes_
retro-ene reactions. We also assessed the likelihood thatTable 1. Calculated Activation and Reaction Enthalpies
groups other than H could be transferred in analogous (kcal/mol) of the Retro-Ene Reaction of Cis Isomers3af-e, 4,
reactions. DFT calculations were performed with the B3LYP and5?
method and the 6-31G(d) basis set, and for small systems AH* AH,
the energetics were evaluated with the high accuracy CBS-

cis-3a 2.4 (45 —57.5(—60.8

QB3 method* cis-3b 22.3( : —65.2( :
The cis and trans allyldiazenes can interconvert by rotation cis-8¢ 93 _59.6
around the double bond or by nitrogen inversion. Nitrogen cis-3d 8.8 —47.9
inversion is predicted to be favored over double bond cis-3e 40.2 —60.5
rotation. The calculations show that the anti form of cis-4 5.4 —51.2
allyldiazene {rans-3a) is the most stable, but for the reaction cis-5 58 —53.6
to occur it is necessary that this form be convertedis aThe values in parentheses are CBS-QB3 results.

3a. The latter isomer is 4.1 kcal/mol higher in energy than
trans-3a(CBS-QB3) (Figure 1). The retro-ene reaction of

The elimination of nitrogen is highly exothermic by 61 kcal/
_ mol. For comparison, the retro-ene reaction of 1-pentene has
a calculated activation energy of 50 kcal/mol. This reaction
is endothermic by 29 kcal/ma.
The transition statd'S-3ais half-chair, with all of the
atoms arranged in the same plane except C2. The energetics

Figure 1. The B3LYP/6-31G(d) enthalpies of trans and cis isomers
of 3a—eto 5 (kcal/mol). CBS-QB3 values are given in parentheses.

3a proceeds through a six-center cyclic transition state
(Figure 2) with a 4.5 kcal/mol activation energy (CBS-QB3).

3 }1/1\)msacnﬁlr2$’ gbgdbglirg;neéslié'w'; Xie, H.; Ho, D. M.; Sorensen, E. iy re 3. Geometries of the transition states for retro-ene reactions

(12) All calculations were carried out with the Gaussian 03 program Of 3a—5. Activation barriers are given in kcal/mol. Bond lengths

(Frisch, M. J.; et alGaussian O3revision C.02; Gaussian, Inc.: Wallingford, ~ are given in A. The value in parentheses is a CBS-QB3 result.
CT, 2004).
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Figure 4. TSs for the retro-ene reaction ofs-flouro, -chloro,
-bromo, and -methyl diazen@&b—e. B3LYP enthalpies are given
in kcal/mol. Bond lengths are given in A.

with B3LYP are similar to those with CBS-QB3. The charge
distribution in TS-3a shows that the nitrogens and carbons

have the partial negative charge and the transferring hydrogen

is partially positive.

A stepwise reaction involving homolytic cleavage of the
C3—N4 bond to form two monoradicals was also investi-
gated. The activation enthalpy for cleavage is 50.5 kcal/mol,

Org. Lett., Vol. 8, No. 14, 2006

which is in good agreement with an extensive study of
deazetization?

The concerted reaction is highly favored. The retro-ene
reaction o has an activation energy of 5.4 kcal/mol (Figure
3). The trans form 05 is 4.0 kcal/mol lower in energy than
the cis form. The activation barrier for elimination of nitrogen
from the cis isomer is 5.8 kcal/mol. All these reactions are
highly exothermic.

The hydrogen transfer is extraordinarily facile, raising the
possibility that the transfer of other groups might be feasible.
Similar calculations were carried out on hypothetical methyl
and halodiazene3b—e. Halodiazene8b—d are more stable
as cis isomers (Figure 1). The transition states for nitrogen
loss are depicted in Figure 4.

The activation barrier and exothermicity decreases with
increasing halogen size. While the barriers for F and Me
transfer are quite high, the calculations suggest the feasibility
of Cl or Br transfer in a retro-ene type process. These
activation barriers are~9 kcal/mol, and these reactions
should be very facile.

Supporting Information Available: Full citation of ref
12, Cartesian coordinates, electronic energies, zero-point
vibrational energies, and enthalpies of optimized structures
of ground states and transition states. This material is
available free of charge via the Internet at http://pubs.acs.org.
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