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ABSTRACT

KN(TMS),, -78 °C to rt
( 83)2930/ o r RN"0TaS
j\ R E/Z = 84/16-99/1
+  PT-O,8 —
R H oTBS KN(TMS),, -78 °C to 1t
then AN
HF.Pyr,0°C R™™S" "OH
78-84% E/Z =91/9-9911
A short and efficient synthesis of allylic TBS ethers and allylic alcohols has been developed, based upon a unique Kocienski =Julia olefination
reaction. Allylic alcohols and allylic ethers are obtained in good to excellent yields and with high ( E)-selectivity. The conditions are mild and

the procedure is broadly applicable.

Allylic alcohols are important building blocks in synthetic To the best of our knowledge, the only way to transform
organic chemistry, being easily transformed into useful aldehydes into allylic alcohols in a single step involves the
epoxides, a,f-unsaturated aldehydésarboxylic acid de-  use of thes-hydroxy phosphonium sai. When reacted with
rivatives;" and polyeneé.Their Synthesis usuaIIy entails the a|dehydd_' in the presence of an excess of basefsaﬁords
reaction of an aldehyd# with a stabilized Wittig Ra) or  the desired allylic alcohol (Scheme 2J.Disappointingly,
Horner—Wadsworth-Emmons 2b) reageritfollowed by the this olefination reaction proceeds with poor to moderate

subsequent reductio'n'of the resultiagg-unsaturated ester yields, presumably due to the low stability of the generated
3 (Scheme 1). Surprisingly, even though the transformation phosphonium ylidéb-
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s rapid rearrangement, affording olefli®. Similarly,s-alkyl-

Scheme 2. One-Step Transformation of Aldehydes to Allylic ~ ©XY andp-acyloxy sulfone¥" suffer a rapids-elimination,

Alcohols yielding the corresponding vinyl sulfones. Therefore, we
o} ® ©  nBuli envisioned thag-trialkylsilyloxy sulfonesl3, bearing a poor
R)J\H + PhaP~g,, Br Trasen RN""oH silyloxy leaving group, might be good reagents for the
1 5 ’ 4 desired transformation. Th®elimination process might be

EIZ = 78122-9515 sufficiently slowed down to enable the desired olefination

reaction to proceed competitively.

As a part of our ongoing research program aimed at the _To test ou(; hy;;othegi, the couplwgbof su:(fjo?]éha(PG
development of novel modifications of the Julia olefination TMS) and 13b (PG = TBS) with benzaldehyde was
reaction®® a short and efficient synthesis of allylic ethers and attempted (Table 1).
alcohols was targeted. To fulffill this goal, the Kociensgulia

variant® was selected as the desired sequence (Scheme 3_

Table 1. Optimization of the Olefination Reaction

- 9

Scheme 3. The Kocienski—Julia Reaction PT-028 g + Ph)J\H P X"0si
N=N N=N 13a, Si= TMS 1a 15, Si = TMS
~ 13b, Si = 14a, Si=
Ph/N ~N Ph/N N ,Si=TBS ,Si=TBS
L _Recho N
0=s=0 —— *~ 08 O™M Method A: /) base (1.2 equiv), 13 (1.0 equiv), THF, -78 °C, 10 min;
A — if) 1a (1.1 equiv), -78 °C (30 min) to rt
R'" M R R2 Method B: /) 13 (1.0 equiv), 1a (1.1 equiv), THF, -78 °C, 5 min;
6 7 ii) base (1.2 equiv), -78 °C (30 min) to rt
Method C: /) 13 (1.0 equiv), 1a (1.1 equiv), THF, 78 °C, 5 min;
_ if) base (1.2 equiv), addition over 10 min via syringe pump,
N=N ® ~78°C (30 min) to rt
~N M /7
PR " MOS -, R?
.| OS890 . “ - - entry  sulfone  method base yield® E/zb
R' OPT
RT  R2 9 1 13a A LiN(TMS)2 deg n/a
8 2 13a B LiN(TMS), 40% 52/48
oh 3 13a C LiN(TMS), 45% 62/38
2 N /Nl 4 13a C NaN(TMS), 35% 72/28
— = < s0,+ N D—om )4 5 13a C KN(TMS),  28%  81/19
R! N\N\ 12 N 6 13b C LiN(TMS), 81% 67/23
10 " Ph PT 7 13b C NaN(TMS),  79%  89/11
8 13b C KN(TMS), 83% 98/2

2 Overall yields refer to pure, isolated product®etermined by capillary
From a retrosynthetic point of view, allylic alcohélcan GC. TMS = trimethylsilyl.

be divided into sulfonel3 and aldehydel (Scheme 4).

_ Initially, the Li anion of 13a was generated at low
temperature and the aldehyde was added after 10 min (Table

Scheme 4. Retrosynthetic Approach to Allyl Alcohols

1, entry 1). In this case, only degradation of the sulfdBa

was observed. It was thought that this decomposition was
due to the low stability of the sulfonyl anion. Hence, Barbier-
type conditions, in which the anion to the sulfone is
generated in the presence of an aldehyde, were employed.
Gratifyingly, the desired produdi5 could be isolated in 40%
yield. However, theE/Z-selectivity was extremely poor
Unfortunately, 5-hydroxy sulfones7 cannot be directly  (Table 1, entry 2). It was also observed that the slow addition
employed. Indeed, when treated with a base, they undergo af the base to the reaction mixture led to a slight increase in
both the yield and the selectivity of this process (Table 1,

o)
PTO,S
R0 —— R)J\H + S ops
4 1 13
PG =H, Ac, Alkyl, SiR3,...
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further improved the control of the double bond geometry, |

affording the olefinl5 with an E/Z ratio of up to 81:19, Table 2. Preparation of TBS Allyl Etherd4
though at the expense of the yield that plummeted down to

28% (Table 1, entry 5). o )OL
At this stage, it was realized that the low stability of the ®~"otes* R™ H R7otBs
TMS ether function under the reaction conditions was 13b 1 1

1 i Conditions: sulfone (1.0 equiv), aldehyde (1.1 equiv), -78 °C, 5 min, then
responsible for the formation of only modest amounts of the KN(TMS)n (1.3 i), atldkion ot 13 mis i sytinge pume: /8°C (30

desired allylsilyl ethed5. Therefore, sulfon&3b bearing a min) to rt
more robust TBS group was employed (Table 1, entries

6—8). Much to our delight, a dramatic enhancement in the =~ " adehyde  salvent product yield® (E/2)°

yield of 14a was observed. Furthermore, the influence of ] THE PN 83% (98/2)

the counter cation on the geometry of the double bond present Ph o DME PR 14a oTBS 80% (>09/1)

in 14awas also improved, leading ultimately 1dain 83% 1a

yield and with anE/Z ratio of 98:2. 3 pX"g T™MF '™ "otBS 81%(97/3)
4 1b DME 14b 69% (99/1)

The synthesis of sulfone$3a and 13b is depicted in
Scheme 5. Having devised suitable reaction conditions to

= SN
o} Y\/\OTBS o
. \(1: THF | 1ac 91% (96/4)

I o T e o
Scheme 5. Synthesis of the Sulfonek3aand13b 1d 14d ’
1) PT-SH, DIAD, PPhs, THF N T X"0oTRS 8o
2) 35% 2. H,0, EOH 8 - THF e 89% (88/12)
Ho~ ~OH _cat. (NH4)Mo7024 HO/\/SOTPT
16 69% over two steps 17 9 No THF m/u\\f/\oms 84% (93/7)
1f
gsol/:i), TBSCI, THF SiCl, Im, CH,Cl, 10 1\0 THF \149 oTBS  87% (>99/1)
g
1) MsCl, E;N, E0
2) PT-SH, NaH, THF
HO/\/OTBS ) Sio/\/SOZ-PT 11 Bno\/% THE  BMON"“oTRS 91% ©2/8)
3) 35% aq. H,O», EtOH . 1h 14h
18 cat (NHg)eMojOps 132, S =TMS (97%) 850
13b, Si = TBS (98%) 8BS
91% over 3 steps 12 THF Lo~ 88% (98/2)
1 ~o 14i ~""0oTBS

~
effect this allylic TBS ether preparation, its scope and 13 (g;e/:o THF moms 89% (96/4)
limitations were explored. A selection of pertinent results e s z
are depicted in Table 2. aQverall yields refer to pure, isolated product®etermined byH NMR

It was observed that aryl (Table 2, entry 1q,05- spectroscopy. DME= dimethoxy ether; TBS= tert-butyldimethylsilyl.
unsaturated (Table 2, entries 3 and 5), and alkyl aldehydes
(Table 2, entries 6—13) react smoothly with sulfoh@&b,
yielding the desired TBS protected allylic alcohdl4éa—j aliphatic substrates (Scheme 6). Thus, the anion generated
in good to excellent yields. It is noteworthy that, in essentially from sulfonel3b was allowed to react with a 1:1 mixture
all cases, a remarkably high control of t8& alkene gemetry  of aldehydelaand ketond 9aand with an equimolar amount
could be exercised, favoring largely th&){isomer. For of 1eand19b. In both cases, the expected ethkts and
aliphatic aldehydes, the selectivity for theans-olefin 14ewere isolated as the only products of the reaction along
increased as the steric bulk of the alkyl substituent becamewith the recovered starting ketone9a and 19b. To
larger (Table 2, entries-810). To further improve th&/Z understand the origin of this excellent chemoselectivity, a
ratio, THF was replaced by DME. In full accord with control reaction between sulfod8b and ketonel 9a under
previous results described by Kocienski et al., it was observedthe same reaction conditions, was attempted. Surprisingly,
that the use of DME led to the corresponding allylic ethers no olefination product was observed and the ketb@ewas
in higher stereoisomeric purity, though in somewhat lower recovered in 92% yield. On the other hand, sulfa8e was
yields (Table 2, entries 1—4, 6, and 7). completely decomposed under these conditions. We speculate

Importantly, various functionalities, including esters, TBS that this degradation was due to the low stability of the
ethers, and benzyl ethers (Table 2, entries-13), are generated organo potassium species at the higher tempera-
tolerated under the reaction conditions. tures required for addition on the ketone functién.

Several synthetic ventures currently ongoing in our labora-  Finally, we have developed a simple and efficient one-
tory require the chemoselective Julia olefination of an alde- pot synthesis of allylic alcohold starting from aldehydes
hyde function in the presence of a ketone. Therefore, we won-and employing the sulfon3b (Scheme 7). Hence, addition
dered if a ketone group would also be tolerated under theseof an excess of the HF Pyr complex to the crude reaction
reaction conditions. Hence, a set of competitive experiments
was designed involving a combination of aromatic and  (12) For the stability of PT-S@CH,-Li species, see ref 10a.
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Scheme 6. Competition Experiments between Aldehydes and  Scheme 7. One-Pot Olefination/Deprotection Preparation of

Ketones Allyl Alcohols
SO,PT Ph Q
2 Q KNTMS) (1.2equi) | . j\ PTOS -~ PIS KN(TMS)2 (1.2 equiv.)
S —— 2 +
* Py * Ph 78 °C @ommn) ot Ph 0TBS ROH  Zgec@omin)to(overt h)
OTBS 12 102 OTBS 192 (93%) 13b 13' §=(PJhH
y 012:”1\,)(11 equiv) (1.1 equiv) 142 (78%. £/7 = 94/6) e, R=C3H;
HF.Pyr (10 equiv)
SO.PT o R7X"0T1BS _ R>X"0oH
\2 it j\ KN(TMS), (1.2 equiv) Catt7 0°C (30 min) to rt
+ + _— + = 9 =
CaH” * CHig 78°CEomn A Crthig 14a R = Ph 4a, R = Ph (84%, £/Z = >99/1)
oTBS 16 190 19 (89%) 14e, R = CH, 4b, R = CgH (78%, £/Z = 91/3)
13p (1.1 equiv) (1.1 equiv) oTBS
(1.0 equiv) 14e (75%, E/Z = 85/15)
Additionally, this reaction can be further extended into the
SO,PT Ph o . . . .
KN{TMS); (1.2 eqiv) J LI one-pot synthesis of allylic alcohols. A variety of functions
+ —_— .
Ph 78°C (30 min) to 1t Ph and protecting groups are also tolerated.
OTBS 19a OTBS 19a(92%)
13b (1.1 equiv) o . . .
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In summary, we have uncovered a novel, highly stereo-
selective method for the synthesis of allyl TBS ethers and
allylic alcohols. Under our conditions, aryl,5-unsaturated,
and alkyl aldehydes can be easily transformed, via a one-
step procedure, into the corresponding TBS allyl ethers. 0L062433Y
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