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Photocatalytic transfer hydrogenolysis of allylic alcohols on
Pd/TiO;: A Shortcut to (S)-(+)-lavandulol

Yuki Takada,? Joaquim Caner,” Selvam Kaliyamoorthy,"® Hiroshi Naka®" and * [a.b]

Abstract: We report herein a regio- and stereoselective
photocatalytic hydrogenolysis of allylic alcohols to form unsaturated
hydrocarbons employing a palladium(ll)-loaded titanium oxide; the
reaction proceeds at room temperature under light irradiation without
stoichiometric generation of salt wastes. Olefin and saturated alcohol
moieties tolerated the reaction conditions. Hydrogen atoms were
selectively incorporated into less sterically congested carbons of the
allylic functionalities. This protocol allowed a short-step synthesis of
(S)-(+)-lavandulol from (R)-(—)-carvone by avoiding otherwise
necessary protection/deprotection steps.

Introduction

Reductive deoxygenation is one of the most important methods
for transformation of biorenewable resources into useful carbon
feedstock."! Indeed, catalytic deoxygenation of alcohols via
hydrodeoxygenation (HDO: hydrogenolysis of C—O ¢ bond) or
deoxydehydration (DODH) followed by hydrogenation (apparent
HDO), is a fundamental approach extensively studied in mod
catalysis and is used to produce hydrocarbons as alter
biofuels.'>? However, many of these processes
strenuous (> 150 °C) reaction conditions; in addition
more reaction steps are involved in the apparent HDO.,

In contrast, hydrogenolysis of the C-O bond
alcohols, namely the HDO, offers direct ac
corresponding unsaturated hydrocarbons, whi
building blocks for organic synthesis.” A range
is available from many natural products (e.g., terpen
via catalytic multistep DODH of natural polyols.”
significant challenge to cleave the C-O o-bond of allylic alcoho
in the presence of hydrogen donors without accompanying
reactions of C=C n-bonds. Possibleg side reactions in
double bond oxygenation (oxirane ion),”” double
reduction” and double bond isomeriza
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Scheme 1. Hydrogenolysis of allylic alcohols.
(a) Earlier work by others. (b) Present work: Direct photocatalytic transfer
hydrogenolysis (PcTH).

In sharp contrast, our recent focus has been on
photocatalysis at room temperature (rt) using a metal
nanoparticle (NP)-loaded heterogeneous materials."® A novel
protocol was previously demonstrated employing photocatalytic
transfer hydrogenolysis (PcTH) for reductive deoxygenation of
an allylic alcohol with palladium-loaded titanium(lV) oxide
(Pd/TiO;) in CHsOH.'"®' The photocatalysis is highly
chemoselective (C—O o-bond over C=C s-bond of allyl alcohol
cleaved) and redox-selective (hydrogenolysis over oxidation of
C-0 of allyl alcohol). To the best of our knowledge, this was the
first example of direct hydrogenolysis of an allylic alcohol to
propylene using light energy. However, it was unclear whether
the protocol could be used for regioselective PcTH of structurally
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more intricate allylic alcohols while maintaining chemo- and
redoxselectivity. We report herein for the first time the synthetic
potential and application of PcTH to substituted allyl alcohols
(Scheme 1b).

Results and Discussion

Table 1. Optimization of reaction conditions of PcTH®!

10.1002/chem.201704099
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To begin, cinnamyl alcohol (1a) was used as a model
substrate to optimize the reaction conditions (Table 1). After
prescreening photocatalysts, we identified that PdCI,(CH3;CN),-
loaded TiO; (P25) (Pd(5 wt %)/Ti ctively promoted PcTH
to furnish E-2a (entry 1). Amounts of e products (Z-2a,
iso-2a and 3a) were less than the dete
line. These conditions provgd to be
conditions for the PcTH

ur previous
alcohol™' and other

hv (1> 365 nm)
ph/\/\OH Pd(5 wt %)/TiO,, additive Ph/\/ . Ph/ﬁ . PhM .
CH3O0H, Ar
1a E-2a Z-2a iso-2a
(2.0 mmol)

Entry Pd(5 wt %)/TiO, (mg) CH3OH (mL) T(°C) Additive (mol %) F.{eaction

time t (h) Z-2a iso-2a 3a
1 15 5 25 TsOH+H,0 (2.5) 2 _ o _
2 15 5 25 TsOH+H,0 (0.5) 2 [ _ Ll
3 15 5 25 TsOH-H,0 (0.5) 4 [ 3 Ll
4 15 5 25 TsOH+H,0 (0.5) 45 >99 93 el — 7
5 15 5 25 TsOH+H,0 (0.5) 5 >99 65 ) @ 28
6 15 5 25 none 2 , 28 29 —l el _t
7 15 5 25 none 5 60 51 — b el
8 15 5 25 TsONa (2.5) 41 36 e I _
9 15 30 25 40 32 _ld _ld 5
10 15 30 50 98 77 - 3 1
11 15 5 0 _le] 16 _lel _le 4
12 15 5 0 78 68 _ld _ld 8
134 15 5 25 99 _fl _[ _[ 10
14 0 5 25 <1 _l _ _[ _le

“Light source: 300 W Xe lamp with a cold mirror (A > 365
Aeroxide® P25, from Sigma—Aldrich, anatase-rutile mixtuf®s
internal standard). “Not determined because the product was b
Phenylpropan-1-ol was generated in 86% yield. °Not determined.

H3CN),-loaded TiO,) photocatalyst was made using P25 (Degussa
m?/g surface area (BET)). "Determined by GC-MS (dodecane as an
less than < 2%). “Under H, instead of Ar without light irradiation. 3-

ield with t = 4.5 h (entry
in entries 2-5 was

proceeded in the absen
reaction rate (entries 6 a
TsOH<H,0 resulted in only a s
2). A more dilu i
yield of E-2a (entl
higher reaction rate
77% with 11% of 3a,
0°Cwi i

of TsOH+H,O @t with a lower
7). Using the sodium salt of
t decrease in yield (entry 8 vs.
as a slight influence on the
cTH at 50 °C showed a
try 10), d of 2a, however, was
reas it proceeded more sluggishly at
t of selectivity (entries 11 and 12). In
(Hz) was introduced to the
reaction vessel wi it functions as a
hydrogen source for reduction of both 1a and Pd"Cly(CHsCN),

optimized conditions

N using CD3;0D N
Ph” " 0oH Ph "D 64%D

1a E-2a-d,
(E-2a-dy:1a:3a-d; = 3:< 0.02:< 1)

OH optimized conditions
_ using CH3;0D S
Ph}\/ Ph”” "D 78%D
1b

D D
)\/ )\/ not detected
Ph Ph

E-2a-d;' iso-2a-d4

Scheme 2. PcTH of 1a and 1b using deuterated methanol.

Conditions: 1a or 1b (2 mmol), hv (A > 365 nm), PdCI,(CH;CN),-loaded TiO,
(Pd(5 wt%)/TiO,) (15 mg), TsOH+H,O (0.5 mol %), CD30D or CH;OD (5 mL),
5 h, Ar, 25 °C. The products were analysed by 'H and °C NMR. Yield (molar
ratio) and deuteration ratio were determined by "H NMR. Major side products
were diastereomers of 3a-d, (PhCH(D/H)CH(D/H)CH,(D/H)) (n = 0-3)
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loaded on TiO; (P25); however, almost no hydrogenolysis of the
C-0O bond tookplace even after t = 5 h (entry 13). The major
product was 3-phenylpropan-1-ol, which was generated in
favour of hydrogenation of the C=C m-bond of 1a. Light
irradiation in the absence of catalyst led to minimal conversion of
1a (entry 14).

Considering mechanistic scenario, n (n = an integer) holes
(nh") and n electrons (ne”) are generated in TiO, photocatalysts
upon light irradiation.""® In a formal sense, CHsOH is oxidized,
giving 2e” to holes (2h") on the surface of TiO, (Figure 1).
Excited 2e” of TiO, accumulate on the Pd NP surface and
interact with 2H* (apparently from CH;OH) to give active
hydrogen atoms adsorbed [2H(ad)] on Pd NP. Under slightly
acidic conditions with TsOH, the OH group of allylic alcohol may
be more readily adsorbed on Pd NP covered by a higher
concentration of H*, which could also activate the OH group
more effectively, giving R-OH,". Separately formed transient
H(ad) (H" and 2e-) on Pd NP seems to react with R—OH,",
which facilitates attack of H(ad) toward a carbon of R—OH," via
Sn2 or Sy2° manner. Allylic alcohols and CH;OH would make a
self-assembled monolayer-type alignment on Pd NP so that the
alkyl and olefin groups could expose to the space distal from the
NP surface. Indeed, a preceding report indicates that at high
coverage of benzyl alcohol on Pd (111) surface, the alcohol
adopts an upright structure (more likely standing up
perpendicular to the surface, rather than sprawling on the
surface), where only the alcohol function is bound to the Rd
surface and the phenyl ring extends into vacuum.!"®*! |nd
benzyl alcohol underwent the hydrogenolysis of the C-O
using Pd/TiO, under light."®® In contrast, Shon suggested that
the hydrogenation/isomerization reactions of allyl alco R the
presence of H, on alkanethiolate-capped Pd NP su
occur through a mono-o-bonded Pd-alkyl intermedi
by p-hydride elimination. When there is no H, pres

Table 2. Substrate scope of PcTH®
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PdNP ___
\ : H+IOH
L ge ) i 5,0
sl
h+
=
TiO,

Figure 1. H" and
circles in light blue) |
to a surface of Pd NP
(shining

would work as H™. CH;OH (small
e~ (which combine with 2h") and 2H" (which move
teract with 2e” that came from light-excited sites
rge circle in gray)).

Pd hydride is also suggested."®?  Since
hydrogenation and isomerization of, at least, the trisubstituted

efins of a%alcohols E- and Z-1g (vide infra) are slower than

hydrog ysis of their C—O bonds in the present PcTH, the
hanism shown in Figure 1 would be more favourable.

uterated methanol (CD;OD) was used instead of CH;OH
the optimized conditions to get further insight into the
istics of the PcTH reaction (Scheme 2). As a result, E-
ined from 1a as the major product (E-2a-d; (64%
3:< 0.02:< 1, t = 5 h). '"H and *C NMR analysis
indicated that over-reduced product 3a was tri-deuterated. The
yield of fully saturated hydrocarbons 3a-d, (n = 1-3) was
arable to that obtained previously (Table 1, entry 5).

Reaction Yield®(%)
Entry  Substrate time t  Products Conv. E+Z
iso
(ratio)
61
fd L
1 69 (61
2 99 90 7
67"
A g is0- i U
3 E-2a + Z-2a + iso-2a 86 o830 4
AN =
4 n-CeH13/\/ + ”'CGH13/ﬁ + n-CsH13/\/ > 09 85 _lel
E-2e Z-2e iso-2e (71:14)
5 E-2e + Z-2e + iso-2e > 99 62 _te)
(43:39)
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69 n—C6H13}\% 5 E-2e + Z-2e + iso-2e
1t
OH
= =

S G

E1g E-2g

OH

8 M 6 E-2g + Z-2g + iso-2g

Z1g

E-2g + Z-2g + iso-2g

product was barely or not detected. ‘Conversion and yield wi
were also observed in 17 and 14% yield, respectively. "Areq
/Of isolated as a mixture of isomers. “2.5 mol % of TsOH»
GC-MS analysis.
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> 99 (7527:15) -

W+W+M 18

71
(5:66)™

51:25) 17
{7129

-) 16

80"  (2)) +
isomers

_fel

Given the absence of deuteration at the p and y positio
2a and based on the mechanistic scenario proposed in Figure T
the PcTH of 1a proceeded via an apparent Sy2 pathway giying
E-2a-d,, rather than Sy2° followed by gnigration of the do
bond.!"®2?% |n contrast, 1b was conve
CH3OD. Since it is highly unlikely th
was majorly involved in the catalytic cycle,
active hydrogen atom (H(ad)
pathway in preference to a

Sn2°

of allylic alcoho

ns in hand, the substrate
alcohol 1¢ underwent
an 1a (entry 1). In the PcTH of 1d, 2d
Sn2 pathway predominately (entry 2).
-labelling experiment (Scheme 2),
than iso-2a (entry 3). Aliphatic
allylic alcohols in three t isomeric forms were tested
(entries 4-6). E-1e was converted into the corresponding E-2e

hydrogenolysis faste
was proguced through

in a better yield than Z-1e, and the Z-isomer Z-2e was also
detected. The selectivity of Z- vs. E-2e was low in the case of
Z-1e, probably due to the isomerization of olefins occurring
during the PcTH.I"®?" E-2e was generated as the major product
from 2° alcohol 1f through an apparent Sn2’-enriched
hydrogenolysis (entry 6). Geraniol (E-1g) and nerol (Z-1g) were
converted stereospecifically to the E-2g and Z-2g, respectively
(entries 7 and 8). Both reactions were more contaminated with
SN2’ reaction products than when E-1e and Z-1e were used,
providing iso-2g bearing a terminal olefin in a small amount
(~15%). The isomeric 3° alcohol 1h underwent an apparent
Sn2° reaction, giving a mixture of E-2g and Z-2g (3:1) as the
two major products (entry 9). This is a stark contrast to the
cobalt catalysis, in which hydrogenolysis of sterically congested
E-1g and 1h proceeded with minimal conversion.'"” Farnesol
(1i) was chosen because of the higher boiling points of the
corresponding hydrocarbon products, which facilitate easy
separation and isolation by column chromatography (entry 10).
The product distribution of isomeric structures was comparable
to that obtained with E-1g. E-2i was obtained in an isolated
yield of 83%, together with minor isomers Z-2i and iso-2i. PcTH
of (S)-perillyl alcohol (1j) was completed by prolonging ¢, and an
important fragrance, (S)-limonene (2j), was obtained in 80%
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hv (A > 365 nm)
Pd(5 wt %)/TiO, (15 mg)

TSOH-H,0 (0.5 mol %)
N 2 N
Ph X"oH + impurity Ph X
1a CH3OH (5 mL) E-2a
(2.0 mmol) (2.0 mmol) Ar25°C, 2h 25-38%

(c.f. 40% without impurity)
impurity (recovery of impurities: > 90% in all cases)

PhOH PhOCH3 PhCI PhCOOCH,3 PhCONH, PhCN

Scheme 3. Functional group compatibility test.
Yield and conversion obtained after PcTH were determined by GC-MS
(dodecane as an internal standard).

Table 3. Derivation of ene products after PcTH of allylic alcohols®

Entry 1 Product, yield”
1 1a e}
Ph H
trans-4a
95%
2 b 7% /\//)
iso-4d
81% 8%
3° E-1e o
(6]
e X H A~
n-C6H13 H n'C6H13 n-CSH13
trans-4e cis-4e iso-4e
56% 2% 10%
4 1a
>_< ‘Br >_<H
Br
trans 5a cis-5a
83% 6%

?PcTH conditions: allylic alcohol (2 mmol), CH;OH (5 mL),
loaded TiO, (Pd(5 wt%)/TiO,) (15 mg), TsOH+H,O (0.5 m
lamp with a cold mirror (A > 365 nm), Ar atmosphere (1 atm), 25 °
Epoxidation (or dibromination) procedures: After filtration of the reactlon
mixture obtained by PcTH, the filtrate was washed with H,O and extracted
with CHCI; (or hexane), and the mixture was treated with MCPBA (2.9
mmol) at 0 °C for 3 h (or with Br, (20 mmol) at 0 °C for 12 h). See ESI for
experimental details. The structures in the tabl ow relative configurati
Determined by 'H NMR (1,1,2,2-tetrachloroe an mternal stand
°(3-nonyloxiran-2-yl)methanol generated frol
also obtained in 28% yield.

yield (entry 11). Chiral GC-MS
center of 1j was retained after
from the reacting carbgn also
from
er a Pd/solid
ted 1k was not
(entry 12).
could tolerate the PcTH
cheme 3). As a result,
and nitrile groups of

conditions was
phenol ether, chlo

irradiati
To | group compatibility, a carbon—
carbon trip ted under the PcTH conditions

(Table S2, ESI). A propargylic alcohol (3-phenylprop-2-yn-1-ol)
was used instead of allylic alcohols. Semi-hydrogenation of
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carbon—carbon triple bond first took place to give Z-1a as major
product (58% after 5 h). The reaction that retards subsequent
C=C bond reduction reminds us gf the Lindlar's catalyst and
recent Pd variants bearing simila ions at a high pressure
of Hz;®" unlike the Lindlar's catalyst, r, in this system
under light, poisoning of Pd surface C)2, CaCOs,
and/or organic substrates guch as
Subsequent PcTH of the
similarly gave a mixture of
Because of p053|ble i

moderate upon a
see ESI).

tion of PcTH, direct
was performed on the

To expand f{
derivation of a s
crude mixtur
the photocat
and extracted

ESI for experimental details). For
mixture of ene products by m-
chloroperbenzoic ac BA) furnished trans-4a in 95% yield
(entry 1).”? A minimal amount of cis-2-methyl-3-phenyloxirane
nd 2-benz irane were also detected by 'H NMR. The
oxidatio ok place stereospecifically. Likewise, epoxidation
rude olefinic compounds obtained by PcTH of 1d and E-1e
ed epoxides 4d and trans-4e, respectively, which were
ed as major products (entries 2 and 3). When crude ene
btained by PcTH of 1a were treated with Br; instead
83% vyield of trans-5a was obtained (entry 4).
advantage of the double bond compatibility under
the PcTH reactions, the synthetic shortcut to (S)-(+)-lavandulol
(S-7) from precursor diol 6 was demonstrated. Lavandulol is in
important class of monoterpenes mainly found in /lavandula
tial oils; it plays a pivotal role as a sex pheromone in
e mealybugs.” In industrial applications, lavandulol is an
portant additive used to control the odour balance of
erfumes and flavors.”” Several racemic and stereoselective
syntheses of lavandulol have been reported because of its
importance.?*? These methods, however, require a variety of
starting materials or suffer from low regioselectivity and tedious
multistep reactions involving protection/deprotection steps.
Recently, Koo et al. succeeded in a stereoselective eight-step
synthesis of S-7 from (R)-(=)-carvone,”® which is frequently
utilized as a chiral building block in asymmetric synthesis.?” In
Koo’s synthesis, a protective activation of the key intermediate
6 is a critical step. However, the synthesis mandates
stoichiometric generation of multiple (metallic) wastes (Scheme
4)-[26]

Two different hydroxyl groups, allylic and homoallylic
alcohols, are incorporated in 6. Our expectation was that PcTH
would selectively deoxygenate an allylic alcohol over a
homoallylic alcohol. After diol 6 was prepared according to
reported procedures,”® it was subjected to PcTH under the
optimized conditions except that a larger amount of TsOH (2.5
mol %) was used (Scheme 4). To our delight, S-7 was obtained
in 56% vyield (isolated yield: 42%) through selective PcTH of the
allylic alcohol. A minor side product, an isomer of S-7 (5-
methyl-2-(prop-1-en-2-yl)hex-5-en-1-ol), was also detected by
'H and *C NMR analysis (16% yield). The chirality of S-7 was
retained from racemization, ascertained by chiral GC analysis.
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It should be noted that the protection-deprotection strategy
critical for the previous total synthesis of S-7?®! was bypassed
with PcTH, where both the homoallylic C=C bond and alcohol
moieties effectively tolerated the PcTH conditions.

PcTH of 6 to (S)-(+)-lavandulol (S-7)
hv (A > 365 nm)

\)\/\/\ Pd(5 Wt%)/TiO; (15 mg) )\/\A
HO S OH TSOHH,0 (25 mol %) "

—
’

PN CH30H (5 mL), PN
6 (2 mmol) 36 h, Ar, 25 °C o7
Conv. 88% 56% (429%)"

Cf. Previous synthetic route (ref. 26)
1. LiBHEt3, Pd catalyst
EEO\)\/\/\ 2. deprotection
6 —>» - OEE > S-7
: 68%
N ’
83%
EE = (CH,),0OC,Hs

Scheme 4. Synthesis of (S)-(+)-lavandulol (S-7) from intermediate 6.
Yield and conversion obtained after PcTH were determined by "H NMR
(1,1,2,2-tetrachloroethane as an internal standard). Tof isolated, purified
product.

Conclusions

In conclusion, we have developed a selective photocatal
transfer hydrogenolysis (PcTH) of allylic alcohols to fu
unsaturated hydrocarbons using palladium(ll)-loaded TiO,(P25)

precatalyst is simply prepared by impregnating Ti
palladium(ll) source; PcTH can immediately be st

synthetically useful, functionalized compounds. It is
predictable that both the Sy2 or Sy2 feactions take plac
that hydrogen atoms of CH3;OH

C=C bonds, phenol, ether, chl
groups of non-allylic alcohols

to the rapid synt
successfully achieved
We envisage that PcTH wil
routes to wuseful (chiral)
capitalizing on

and fine chemicals,
iomass resources and the

Catalyst preparati
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Pd(5 wt%)/TiO, (PdCIy(CH3CN),-loaded TiOz): Pd(5 wt%)/TiO,
(PdCIy(CH3CN)z-loaded TiO,) catalyst was prepared in a 1000 mL
round-bottom flask covered with aluminum foil by impregnation of 6.06 g
of TiO, (Degussa Aeroxide® P25) solution of Pd(CH3CN),Cl,
(0.319 g, prepared by refluxing Pd 3CN) in a deionized
H,O/THF (5:1, 300 mL). The slurry was soni 5 min and stirred
h at 50 °C.
pressure. ¥he remaining
°C under oil pump vacuum
(CH3CN),-loaded TiO,) was

Then, solvent was removed
solid was ground in a mortar
for 7 h. The final amount of the so
5.98 g.

PcTH of 1a employi

d(5 wt%)/Ti ble 1, entry 3 (t= 4 h))

ss vessel was
t%)/TiO2 (15

rged with a cross-shaped
, cinnamyl alcohol (1a, 268

A cylindrical Pyrex
magnetic stir bar, P

rubber
with a r stream was stopped, the mixture of a
closed system was | ith near-UV-Vis light (A > 365 nm). After
reaction time (t) of 4 h, the reaction mixture was sampled by a syringe
and analyze?GC-MS to determine the amount of 1a, trans-b-methyl

yrene (E-2 is-b-methyl styrene (Z-2a), 3-phenyl-1-propene (iso-2a)
propylb&¥ene (3a). The yields of 1a (0.20 mmol, 90% conversion),
(1.57 mmol, 79% yield) and iso-2a (0.052 mmol, 3% yield) were
ined based on the corresponding calibration curves made with
ic samples and n-dodecane as an internal standard. The yields
3a were not determined because the amounts detected by
r than detection limit of the calibration curves (less than
amounts of 3-phenylpropan-1-ol and benzaldehyde
dimethyl aceltal were also detected by GC-MS.

(S)-(+)-Lavandulol (S-7) synthesis through PcTH of lavandulol

ylindrical Pyrex glass vessel was charged with a cross-shaped
agnetic stir bar, PdCI;(CH3CN),-loaded TiO, (15.0 mg), (S,E)-2-
methyl-5-(prop-1-en-2-yl)hex-2-ene-1,6-diol (6, 341 mg, 2.00 mmol), p-
toluenesulfonic acid monohydrate (TsOH+*H,O, 9.8 mg, 0.05 mmol), n-
dodecane (50 ulL) and dehydrated CH3;OH (5 mL). After sonication of
the mixture (to fully disperse the photocatalyst), the reaction vessel was
sealed with a rubber septum and the stirred suspension was
immediately deaerated with a stream of Ar. After Ar stream was stopped
the mixture of closed system was irradiated with near-UV-Vis light (A >
365 nm). After t of 36 h, light irradiation was stopped. The mixture was
analyzed directly by 'H NMR and "*C NMR to determine the yield based
on integral ratios between the products and the internal standard
(1,1,2,2-tetrachloroethane). (S)-(+)-lavandulol (S-7) and its stereoisomer
(5-methyl-2-(prop-1-en-2-yl)hex-5-en-1-ol (8, structure of which was
determined based on 'H NMR and "*C NMR) were obtained in 56%
(1.12 mmol) and 16% (0.32 mmol) yield, respectively, and 12% (0.24
mmol) of starting material 6 was recovered. The mixture of PcTH was
filtered through a Celite pad and the residue remained on the pad was
washed with CH,Cl,. The filtrate was added to H,O (15 mL) in a
separatory funnel and the organic phase was extracted with CH,Cl, (10
mL x 3). The combined organic phase was washed with aqueous NaCl
and dried over Na,SO,. After filtration, the filtrate was evaporated in
vacuo and the residue was purified by column chromatography on silica
gel (hexane/ethyl acetate (EtOAc) = 25:1 to 10:1) to give (S)-(+)-
lavandulol (S-7) as colorless oil with an isolated yield of 42% (129 mg,
0.82 mmol).
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Supplemental results, experimental procedures and spectra data of
compounds were available in ESI.
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H H OH direct C-OH o bond cleavage
PN S, 28 PZaN without stoichiometric salt waste

r hydrogenolysis of

: A Shortcut to
We report herein a regio- and stereoselective photocatalytic hydrogenolysis of 2 .

allylic alcohols to form unsaturated hydrocarbons employing a palladium(ll)-loaded
titanium oxide; the reaction proceeds at room temperature under light irradiation
without stoichiometric generation of salt wastes. This protocol allowed a short-step

synthesis of (S)-(+)-lavandulol from (R)-(—)-carvone by avoiding otherwise
necessary protection/deprotection steps. :
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