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Steric effect is used to obtain a highly diastereoselective

rearrangement reaction.

The Cope rearrangement is an extensively studied organic

reaction with considerable synthetic and mechanistic interest.1

Important variations of the reaction including the oxy-Cope,2

Claisen,3 and aza-Cope4 rearrangement reactions have also

attracted much attention. Many of these reactions have been

found to be particularly useful for making chiral molecules

through stereospecific transfer of chirality. We recently re-

ported syntheses of chiral diamines through stereospecific

transfer of chirality using diaza-Cope rearrangement reac-

tions.5 Here we report the reaction of R-myrtenal (R-1) with

a racemic mixture of 1,2-bis(2-hydroxyphenyl)-1,2-diami-

noethane (rac-2) to give a 1 : 1 mixture of RR-2a and RR-3a

(Scheme 1).6 This represents the first highly diastereoselective

diaza-Cope rearrangement reaction producing one of the most

bulky chiral diamines.7

Reaction of 2 equiv. of R-1 (0.2 M) with rac-2 (0.1 M) in

ethanol cleanly gave RR-3a and RR-2a as a 1 : 1 mixture in

excellent yield (Scheme 1). Fig. 1 shows the crystal structures

of RR-3a and RR-2a.8 Interestingly, the diimine (SR-2a)

formed between S-2 and R-1 undergoes resonance-assisted

H-bond (RAHB)9 directed diaza-Cope rearrangement reac-

tion5,10 to give RR-3a within minutes in ethanol at ambient

temperature while the diimine (RR-2a) formed between R-2

and R-1 does not rearrange to SR-3a to any appreciable extent

under the same condition (Scheme 1).

Fig. 2(a) shows the partial 1H NMR spectrum of the

mixture of the diimines (RR-3a and RR-2a) formed from the

reaction of R-1 with rac-2. The C–H signals for the diamine

backbone of RR-3a and RR-2a appear at d 4.27 ppm and d
4.81 ppm, respectively. In addition, the alkene C–H signal for

RR-3a (d 5.48 ppm) is clearly distinct from that of RR-2a (d
6.04 ppm).11 The NMR spectra for diimines RR-3a (Fig. 2(b))

and RR-2a (Fig. 2(c)) were also obtained separately from the

reactions of R-1 with S-2 and R-2, respectively.

It is surprising that SR-2a rearranges to RR-3a so much

more readily than RR-2a rearranges to SR-3a. The crystal

structures of RR-2a and RR-3a (Fig. 1) together with compu-

tation (see below) provide valuable insights into the diaster-

eoselectivity of the diaza-Cope rearrangement reaction. The

crystal structure of RR-2a represents the first of its kind. While

crystal structures of ‘rearranged’ diimines have been pre-

viously reported,5,12 it is generally difficult to get crystals of

‘initial’ diimines formed with 2 as they normally undergo rapid

diaza-Cope rearrangement reactions. Although we did not

obtain crystal structures of SR-3a and SR-2a, computation

shows that their structures are analogous to those of RR-2a

and RR-3a, respectively. Thus there is minimal structural

change on going from RR-2a to SR-3a and from SR-2a to

RR-3a.

The rearrangements of RR-2a and SR-2a are expected to

take place by chair-like six-membered ring transition states

with all substituents in the equatorial positions (TS1 and TS2).

Consistent with this proposed mechanism, the crystal structure

of the product (RR-3a) obtained from the rearrangement of

SR-2a shows that inversion of stereochemistry about the

diamine backbone has taken place with the rearrangement

reaction. There is remarkable resemblance between the crystal

structure of RR-2a (Fig. 1) and the proposed structure of TS1.

Similarly the crystal structure of RR-3a (Fig. 1) closely re-

sembles the structure of TS2. In this respect, the two crystal

structures may be regarded as rare transition state analogs

that provide valuable insights into the origin of the diastereo-

selectivity.
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If RR-2a resembles TS1, why does it not rearrange to SR-3a

as rapidly as SR-2a rearranges to RR-3a through TS2? In

order to understand the origin of the diastereoselectivity of the

rearrangement reaction, we calculated the structures and

energies of RR-2a, SR-2a, SR-3a, RR-3a, TS1 and TS2. There

is excellent agreement between the crystal structures of RR-2a

and RR-3a with their computed global energy minimum

structures.13 Computation further shows that the global en-

ergy minimum structures SR-2a and RR-3a resemble that of

TS1 and global energy minimum structures of RR-2a and

SR-3a resemble that of TS2. In addition, there is structural

resemblance between RR-2a and SR-2a (also between TS1 and

TS2 and between SR-3a and RR-3a). The only major structur-

al difference between RR-2a and SR-2a (and the other two

pairs) is that the four myrtenal methyl groups in the former are

pointed inwards whereas those in the latter are pointed out-

wards.

The computed distance between the imine carbons in RR-2a

(3.84 Å) is greater than those in SR-2a (3.64 Å). Thus, the

steric congestion between the four myrtenal methyl groups in

RR-2a that are pointed inwards (Scheme 1 and Fig. 1) appear

to decrease the rate of C–C bond formation (to give SR-3a). In

SR-2a, RR-3a and TS2, the four myrtenal methyl groups are

pointing away from each other allowing rapid rearrangement.

The steric congestion between the methyl groups in SR-3a is

expected to be even greater than that in RR-2a since the two

myrtenal groups in SR-3a are directly bonded to each other.

The difference in computed energies of SR-3a and RR-3a (4.09

kcal mol�1) is greater than that of RR-2a and SR-2a (0.53 kcal

mol�1). The computed transition state energy for TS1 is about

3.74 kcal mol�1 higher than that for TS2. Thus the computed

energy barrier for the conversion of RR-2a to SR-3a is higher

than that for the conversion of SR-2a to RR-3a by about 3.21

kcal mol�1. This translates to a rate ratio of about 230 : 1 for

the rearrangement reaction in the gas phase at 25 1C. Steric

effect appears to play an important role in the diastereoselec-

tivity of the rearrangement reaction. We recently showed that

in chiral diamine catalyzed synthesis of warfarin, steric effect

also plays an important role in the stereoselectivity.12

The value of the rate constant for the rearrangement of SR-

2a to RR-3a (k = 9.6 � 10�5 s�1 at 25 1C, in DMSO-d6) is

about 400 times greater than that for the rearrangement of

RR-2a to SR-3a (k = 2.4 � 10�7 s�1) in qualitative agreement

with the above computation that excludes any solvent effects.

The rearrangement of SR-2a to RR-3a in ethanol is too fast for

accurate measurement of the rate constant by 1H NMR

methods. Hydrolysis of RR-3a gave the sterically bulky di-

amine RR-3 in excellent yield. Chiral diamines including bulky

ones such as 1,2-bis(2,4,6-trimethylphenyl)-1,2-diaminoethane

has been shown to be useful as ligands for a variety of

catalysts.7,14

Chiral resolution by diastereomeric salt formation is one of

the most common and useful ways of separating racemic

mixtures of amines (or acids). In this process, the solubility

difference of the diastereomeric salts produced from the

racemic mixture of an amine and an enantiopure acid is used

to separate the amines. We have shown that R-myrtenal (R-1)

reacts with racemic 1,2-bis(2-hydroxyphenyl)-1,2-diamino-

ethane (rac-2) to give diamines R-2 and RR-3 after hydrolysis

of the diimines (Scheme 1). While resolution by chemical

rearrangement may not become the next general technique

for separating racemic mixtures of amines or aldehydes, this

represents the first highly diastereoselective diaza-Cope re

arrangement reaction. In addition, we can pinpoint the origin

of the diastereoselectivity by a combination of computational

and crystallographical studies. The origin of the selectivity

stems from the steric effect of the myrtenal methyl groups.

There is excellent agreement between the transition state

analog crystal structures (RR-3a and RR-2a) and their global

energy minimum structures. Computation further shows that

the energy barrier for the rearrangement of SR-2a to RR-3a is

significantly lower than that for the rearrangement of RR-2a

to SR-3a (Scheme 1) in agreement with the kinetic data.
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Fig. 1 ORTEP diagrams of RR-2a and RR-3a with 50% thermal

ellipsoids. All hydrogens except for those in the phenol, imine and

diamine backbone have been omitted for clarity.
Fig. 2 Partial 1H NMR spectra (DMSO-d6) from the reactions of R-1

with (a) rac-2 to give a 1 : 1 mixture of RR-3a and RR-2a, (b) S-2 to

give RR-3a, and (c) R-2 to give RR-2a.
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