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Hydrolysis and halogenolysis of the allyltitaniums derived from allylic carbonates and a Ti(O-i-Pr)4 / 2
i- PngCl reagent proceed with high regio- and stereoselectivity, thus providing an efficient method for
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conveiting 1-alken-3- _y1 carbonates to 1-alkenes or 3-chloro-1-alkenes. © 1998 Elsevier Science Ltd. All rights reserved.

ilic reagent in organic synthesis has
attracted much interest. Howe: ver, the synthetic application so far reDorted has been limited
to their addltron reactions to carbonyl compounds and imines which proceed highly
selectively [1]. The paucity of relevant data on the reaction of allyltitaniums with
electrophiles other than carbonyl compounds and imines is probably due to the fact that
allyltitaniums have been usually prepared by transmetallation reaction using the
corresponding organolithium or -magnesium compounds, and it has been considered that it

offers no definite synthetlcal advantage to carry out the reaction after the transmetallation to
1§

titanium. Recently, we have developed a direct method for synthesizing allyltitaniums from
readily available allylic alcohol derivatives [2]. Thus, the reaction of a Ti(C-i-Prj4/
2 i-PrMgX (X = Cl or Br) reagent (1) with allylic carbonates or acetates proceeds via an
F‘r'? R1 R2
R~/ —n Ti(O-i-Pr)4/2i-PrMgCl (1) o m R
OR OR
R = COCHg, COgEt
oxidative addition pathway to furnish allyltitanium complexes in excellent yields (eq 1).
With this direct and easy access to a variety of al yltrtamums we thought that the reaction
with electrophiles other than carbonyl compounds and imines might prove wort__whrlc from
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quenched with aqueous HCI to afford 1-undecene (y-protonated product) and 2-undecene
(o.-protonated product) in a ratio of 92:8 in excellent combined yield (entry 1 in Table 1)
Naturally, [3-2H]-1-undecene was obtained highly predominantly by quenching the reaction
mixture with 2H20 (entry 2). Meanwhile, treatment of the reaction mixture with NCS
provided y- and a-chlorinated products in a ratio of 95:5 in 77% combined yield (entry 3).
The reaction with Br2 or NBS however, resulted in rather low regioselectivity (entries 4
and 5); this might be due to the isomerization of the resulting a-brominated product to y-
Table 1. Hydrolysis and Halogenolysis of Allyltitanium Compounds?
Products
Entry Substrate Electrophile Regioselectivity? Vield. %°
v 1 u-product !
n-CgH4y7 -CgH
Z A~ 8T Bl n-CgH
1
OCO,Et /\r' AL 817
1 H20 El=H 92 8 86
2 2H,0 El=2H 92 8 gad
3 NCS El = ClI 95 5 77
4 Bra El=Br 50 : 50 -80°
5 NBS El=Br 7% : 25 ~80¢
R R
m (\!r A~ R
OCO.EL El
6 R=H HO El=H 96 4 87
7 R=H H,0 El=2H 9% : 4 849
8 R=1 1N HCI El=H 96 4 71
¢ M5 Fe MC7HIs Bl 1-C7H1s
/ OCO,EL = !
9 H20 El=H 92 8 80
s 24,1 =1 20 Qo Q 7cd
'U 1 l‘v Ll = i N ko ~ s
11 NCS El=Cl %5 : 5 g1e/
AN n-C4Hg N n-CaHg  El .~ n-CqHg 0
12 OCO,Et H,0 Eil=H El T 51
50 : 50
% n-C4H pZ n-Cy4H "
13 7 . 4o Hy0 El=H AT El\(""\r n-C4Hg ~3089
EtO,CO n-C4Hg Bl n-Labg ! n-CaHg
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Reaction procedure: A mixture of the substrate (1.0 mmoi), Ti(O-£Pr)4 (1.5 mmoi) and /-PriigCi (2.8 mmoi) in
- |_ 7 _| \ was stirred for 2~3 h at -50~-40 O Aftar analime 4a 70 O™ amiiamiie 41N LI (2 ml ) $ar hudralueie
erner (o ML) was Sureq 101 £~o 1 dt -ou~ . AT COONNYG W0 -7/0 "w, auouuds 1IN miur (O i) 01 NiyGidiy 5is,
2H20 (0.5 .'“.L) for deutnmlysis h“!onenaﬁng reagent (1.5 mmol) for hologenolysis was added and the

resulting mixture was warmed to 0 OC over 1~2 h. After addition of 1IN HCI (6 mL), usual extractive workup
followed. PDetermined by 300 MHz TH NMR and/or GC analysis. “Total isolated yield after column
chromatography unless otherwise indicated. 9 595% 2H. °NMR yield determined using an internal standard.
'meg to somewhat low stability on column chromatography, pure compounds could not be isolated. IStarting

allylic carbonate was recovered in 20% yieid for eniry 12 and 1% yieid for entry 13.



brominated ones via 1,3-allylic rearrangement [4]. Similarly, 3-aryl-1-propene (entries 6
and 8) and their deuterated derivatives (entry 7) were obtained highly selectively from
ethyl 1-aryl-2-propen-1-yl carbonate via the corresponding allyltitaniums [5] A similar
regioselection was observed with a carbonate of tertiary allyl alcohol. Thus, the reaction of
1 with ethyl 5~metnyl 1-decen-3 -yl carbonate afforded highiy preaommanuy ay protonatea
or —aeumeratea pI'OClLlC[ Dy [DC l'lyﬂl'OlySlb or ueu[ermybls (emrles H ana lU), ana a 'Y—

chlorinated product after the reaction with NCS (entry 11). Since allyltitaniums are readily

isomerized via 1,3-rearrangement, hydrolysis of 1,3-disubstituted allyltitaniums derived
from the secondary allylic carbonate having an internal double bond afforded two olefinic
revlmsomers in almgst eqgual _mr)_ntq (entry 12). Meanwhile the hydrolyqiq of 1,3,3-

proceeded w1th rather good regioselectivity, but is not so attractive from a synthetic
viewpoint, to afford the y-protonated product mainly (entry 13). Thus, in conclusion, a new
highly selective one-pot method for converting 1-alken-3-yl carbonates to 1-alkenes [6,7]
and 3-chloro-1-alkenes has been developed. The following features are especially
noteworthy: (i) 1-Alkenes having 2H at the C-3 position can easily be synthesized. (ii) The
method allows access to tertiary allylic chlorides, selective preparation of which by existing
procedures is difficult [8].

Since the starting allylic carbonates can be obtained readily from the corresponding
carbonyl compounds and a vinyl Grignard reagent, the present method mlght find varied

VS B e et ounthacis and scanmaetad + f, Frieth 14 + C~h 1
utluty in Ulgdluu Sy itnesis, aiia reporica next are a Iew iuruer appﬂcauio'“;s. oCNCme 1
demonstrates the derivatization of amino acid to 4-amino-1-alkene. Thus, N-protected
phenylalanine was converted mto carbonate 2 2 in 72% yield by the conventional procedure,

o provide, aft r hydrolysis, the corresponding 4

amino-1-alkene in 92% yield.
OCO,Et
Bn__.COzMe 1) DIRAY 1 Bn. /2\\/// 1 1N HC! Bn_ AN Bn\/\\_.ﬂ“’
e i
Bn” "Boc Z)mﬁMgBr Bn Boc 6040 dr. Bn’N‘Boc Bn” "Boc
CICOLE 2 b5 - 5
Scheme 1 (92% yield)

The synthetic transformations summarized in Schemes 2 and 3 show that the reaction
can be used for diastereoselective introduction of a Vlnyl mmety onto a five- or six-

membered substituted cycnoaucanone rmg ny using the cerODyl moiety as a clue. Thus,
starting from [-menthone, (1S,2R,3R)-1-isopropyl-2- 'v'myl 4- mmh'ylcyclohexa“;e was
obtained highly selectively (Scheme 2) [9]. Noteworthy here is the fact that use of a bulky
/964 dr. N
1 I"I or 2H* N 2 HE
AP 7 = Mgr, Z MgBr _ \/\LocogEt UH( H) s~ HEH)
en y N
~ (" CICOLEt - i (i d
89% ) total yield
INHCI (or2H,0) 84 : 16 82%
Scheme 2 t-BuOH 94 : 6 b
proton source such as +-BuOH rather than H20 for the h ydrolysis afforded higher diastereo-
selectivity. Similarly, the reaction with the carbonate 3, prepared from the s-butyl-
dimethylsilyl ether of dehydroepiandrosterone, afforded the r-butyldimethylsilyl ether of
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pregna-5,20-diene-3f-ol [10] selectively after hydroiysis [11,12] Although the diastereo-
selectivity is not so high in this case, it should be noted that the 2H-labeled steroid derivative
can readily be synthesized by quenching with 2H20.

¢ QCO2Et

¢ O
/\1’4 1) 7 MgBr \’j\’(/\ 1 Hor2W* /\!/k‘H(QH) \/\l/<H(2H)
T Qn Z%hBeLerU R %:2dr \ A \I-:i

e e -

! CICO5EtL 3 total yieid
+-BUOH 8 : 15 65%
2H0 75 25  72%(>95% 2H)

Scheme 3
The regiochemistry of the hydrolysis and halogenolysis of allyltitaniums observed
here can be expiained as follows. The hydrolysis proceeds through the coordination of the

H?20 to the titanium and the Iouowmg ab/. -type 01eavage tnrougn a cyclic 6-membered

transition state (Fig. 1, a) [13] Meanwhile, the chlorination with NCS proceeds according to
the SE2' mechanism via a halogenium cation intermediate (Fig. 1, b) [14].

H
:Q’H . (.o
(FPrORTRS A - (I-PrO)QTi\/\/
Et0,CO I Et0,CO l
a Fig. 1 b
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