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Stereospecific Construction of the Azabicyclic Ring System of Cephalotaxine.1

Zhendong Jin and P. L. Fuchs’
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Abstract: Tertiary allylic sulfones which bear a secondary aminopropyl moiety undergo smooth
palladium [O]-mediated spirocyclization. The reaction proceeds via a n-allyl intermediate and the
resultant azabicyclic product is formed with net retention of sulfone stereochemistry. The use of
tetramethylguanidine as companion base is required for high yielding reactions.
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Trost, Organ, and O’'Doherty have recently provided an efficient asymmetric synthesis of y-
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complex derived from 1 in the presence of a symchiral palladium [0] catalyst. Epoxidation followed

hv treatment with DBLI then affords svmchiral \nnvl sulfone 3. The nvmlnhlmv of this nmmnllv active
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starting material in combination with our established conversion of benzyl ether 4 to vinyl sulfone 53
has inspired us to examine a new route to cephalotaxine 8 which is also based upon the
intermediacy of a palladium =-allyl complex. The specific question to be determined was whether a
tertiary allylic sulfone such as 6 would suffer stereospecific intramolecular capture of an amino

group to afford 7, thereby establishing the azabicyclic framework of cephalotaxine 8 (Scheme 1).
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It is well known that nitrogen nucleophiles attack r-allyl palladium complexes and function
efficiently in palladium [0}-catalyzed amination,? and the intramolecular version of this reaction has
been used for the construction of 1-azaspirocycles (c.f. 9 to 10).5 Itis also known that allyl suifones
can react with palladium [0] to form =-allyl palladium complexes.6 Nevertheless, there was no
literature precedent for paliadium [0]-catalyzed allylic spirocyclic amination using allyl sulfones as
the substrates (c.f. 6 to 7). We therefore decided to explore a simple model study to examine the
feasibility of this new approach (Scheme 2).
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Scheme 2

The model study showed that palladium [0] did form a n-allyl complex upon reacting with allyl
sulfones, but Boc-urethane 117 and amide 147 failed to cyclize (Table, entries 1,2). Although
amine 167 protected by a sulfonamide group did cyclize, the yield was only 51% and further
ionization of secondary allylic sulfone 18 under the same conditions was extremely slow and
produced only trace amounts of 17 (Table entry 3). The most successful cyclization took place in
the case of a simple secondary benzylamine 197. Although the reaction was slow compared to
Godleski's cases,5 the yield was good (Table entry 4). The advantage of this new protocol is that it
changes the polarity of the sulfonyl-bearing carbon, and enables the formation of two carbon-

5% Pd(PPhs),

N Et3, CchN, >95%

Bn

Reference 5
OAc

9

carbon single bonds at that site.

10

19

TMG” (1.1 eq), CH3CN,
reflux, 4.5 h

Entry | Substrate Conditions Product(s)
1 NHBoc NHBoc
Ph |
, NHBoc Pd(PPh3)4, 10%
NEt3, CH3CN,
1 reflux, 12 h. 12 SO2Ph 3
A% A%
2 NH
PhO, Pd(PPh3)s, 10% o
NH, [ NEt3, CH3CN,
reflux, 12 h SO,Ph
“ 15 73%
3 NHTs
PhO, o Tsl
NHTs Pd(PPh3)4, 10%
NEts, CH3CN,
© reflux, 12 h 7 B SO,Ph
51% 46%
4a Pd(PPh3)4, 10%
P NEt3, CH3CN, Bn 0%
%\/\NH&, reflux, 18 h. °
4b Pd(PPhg),, 10% 10 91%

*See scheme 3.
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We next turned to examination of racemic tertiary allyl sulfone 6.7 Reaction of 6 in the
presence 10% Pd(PPh3)4 and 1.1 eq NEt3 gave 64% of 7 along with an unknown polar byproduct
which appears to be a secondly amine (Scheme 3, reaction 1). Based on mechanistic
considerations, base promoted B-elimination might be one of the sources for side reactions, so the
insoluble base Ag>CO3 was used in the hope of avoiding the postulated pB-elimination.
Unfortunately, the reaction was appreciably slower and the yield was even lower (Scheme 3,
reaction 2). The TLC of this reaction was not as clean as the previous reaction.

Both reactions were quite clean and rapid at the outset, and reached ~50% completion after
the first 30 minutes. It took 1.5-2 hours for the first reaction to complete; but it required 12 hours for
the second reaction to fully consume starting material. The most reasonable explanation for this
observation was that secondary amine 6 was competitively serving as a base in both reactions. By
the time the reactions reached 50% completion, the remaining 50% of the amine moiety of 6 was
partially protonated in the case of NEt3; and almost completely protonated in the case of Ag2COg,
thereby rendering the remaining starting material non-nucleophilic even though the n-allyl
palladium complex was being formed. Therefore, it seemed logical to consider using a stronger
base rather than NEt3. However, the base cannot be too strong, otherwise it will foster B-
elimination. In addition, the base itself should not be a nucleophile, or it will add to the =-allyl
palladium complex. After considering a multitude of bases, tetramethylguanidine8 (TMG) appeared
most attractive. It is about 2-3 pKa units more basic than triethylamine, but is not generally regarded
as being a good nucleophile. In the event, when the reaction was run in the presence of 1.1 eq of
TMG, the reaction was complete within 30 minutes and the yield of the desired product was nearly
quantitative.? This appears to be the first example of using TMG as a base in palladium-mediated
amination reactions, and cleary deserves further investigation (also see Table, entry 4b). The
stereochemistry of compound 7 was based upon nOe experiments of a tetracyclic derivative.10

Scheme 3

Pd(PPhg)4 (10%)
CH4CN, refiux + BASE

6 PMB = p-methoxybenzyl B
BASE
Reaction 1 NEt3 (1.1 eq),2h 7 64% + unidentitied product
Reaction 2 Ag>CO3 (2 eq), 12 h 7 50% + many side products

Reaction 3 TMG (1.1 eqg), 0.5 h 7 98%
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