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Benzylic and allylic ethers are oxidized by 2,3-dichloro-5,6-dicyanobenzoquinone (DDQ) to give the corresponding carbonyl 

containing compounds (aldehydes and ketones) and alcohols. The reaction proceeds readily with ethers bearing activating 
groups. Primary ethers are further oxidized with excess DDQ giving the corresponding esters. Mechanisms for these processes 
are proposed, based on nuclear magnetic resonance and stoichiometric analyses. 
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E. LEE-RUFF et F. J. ABLENAS. Can. J. Chem. 67, 699 (1989). 
L'oxydation d'kthers benzyliques et allyliques par la dichloro-2,3 dicyano-5,6 benzoquinone (DDQ) fournit les composCs 

carbonylCs correspondants (aldkhydes et cCtones) ainsi que les alcools. La rkaction se produit facilement avec les kthers portant 
des groupements activants. Sous l'influence d'un excks de DDQ, les Cthers primaires subissent une oxydation plus pousste 
conduisant aux esters correspondants. En se basant sur les spectres en rksonance magnktique nuclkaire et sur des analyses 
stoechiomttriques, on propose des mkcanismes pour ces processus. 

Mots clis : dkhydrogenation, kthers benzyliques et allyliques. 
[Traduit par la revue] 

Introduction 
The use of 2,3-dichloro-5,6-dicyanobenzoquinone (DDQ) 

(1,2) in the dehydrogenation of annelated cyclohexanes to give 
polycyclic benzenoid derivatives is the method of choice princi- 
pally because of the relatively mild conditions compared to 
other dehydrogenation agents. The oxidation proceeds by a 
mechanism thought to involve initial hydride abstraction ( lb ,  c)  
to generate a stabilized benzylic or allylic cation, followed by 
loss of a proton and concomitant formation of reduced 2,3- 
dichloro-5,6-dicyanohydroquinone, which usually precipitates 
out of solution in nonpolar solvents. Evidence for such an ionic 
mechanism has been obtained from trapping of the intermediate 
carbocations with nucleophilic solvents such as water (3) and 
methanol (4). In our investigations on the preparation of poly- 
nuclear aromatic hydrocarbons incorporating thiophene rings 
(5) we observed that, upon attempted dehydrogenation of the 
tetrahydro naphthothiophene 1 with DDQ, the only product 
formed was the unsaturated aldehyde 2. Although oxidations of 
allylic alcohols with DDQ have been observed (6, 7), the con- 
version of 1 and 2 by DDQ represents formally a demethanation 
reaction that to our knowledge is unprecedented in quinone 
chemistry. Recently Yonemitsu and co-workers (8, 9) have 
shown that the 4-methoxybenzyl group can be used as a protect- 
ing group for hydroxy functions with selective deprotection 
taking place in the presence of DDQ and water. However, no 
mechanistic details were provided in these studies. To investi- 
gate the scope and limitation of this unusual oxidation we 
camed out a systematic study of the DDQ reaction with repre- 
sentative benzylic and allylic ethers. 

0 

'~evision received December 14, 1988. 

Results and discussion 
In addition to the allyl methyl ether 1 used in the study, the 

following allylic and benzylic ethers were investigated: benzyl 
methyl ether (3), benzyl ethyl ether (4), trans-cinnamyl methyl 
ether (Sa), trans-cinnamyl benzoate (Sb), trans-cinnamyl ben- 
zyl ether (Sc), trans-cinnamyl trityl ether ( 5 4 ,  1 , l -  
phenylmethoxyethane (6), methyl 4-methoxy-2-butenoate (7), 
thiophenoxymethyl methyl ether (8), 1,2-phenylmethoxye- 
thane (9), p-nitrobenzyl methyl ether (lo), and 3-methoxy- 
cyclohexene (11). The reactions were carried out in toluene 
solution heated to reflux or in carbon tetrachloride at room 
temperature. The details of individual reactions are tabulated in 
Table 1. All of the products were compared with known com- 
pounds. Although these reactions formally represent oxidative 
dealkylations, the alkyl group is transformed to its alcohol in the 
products as seen from the reactions of 5b-d. Although the 
presence of methanol could be confirmed by nmr spectroscopy 
from the reactions of the methyl ethers, its isolation was difficult 
due to losses in the work-up procedures. It is noteworthy that the 
oxidations proceed with ally1 and benzyl ethers that do not 
possess electron-withdrawing groups, as can be seen from the 
absence of oxidation products in the cases of 7 and 10. 

Furthermore, the inertness of 7,  9 ,  and 1 0  to oxidation sug- 
gests that the initial hydride abstraction and formation of a 
carbocation is rate determining. To shed some light on the 
mechanism and establish the fate of the methyl group during the 
oxidation of the methyl allyl/benzyl ethers with DDQ we car- 
ried out a systematic nmr investigation of ether 5a, which was 
found to be most reactive in this series and gave smooth conver- 
sion at room temperature. 

The 'H nmr spectrum of a CC14/CDC13 solution containing 
trans-cinnarnyl methyl ether (20 mM) and DDQ (20 rnM) was 
observed at room temperature. The spectrum after 1 h showed a 
small amount of cinnamaldehyde (17%) in addition to signals 
corresponding to an acetal13. The presence of cinnamaldehyde 
was significantly diminished upon the addition of ground and 
freshly activated 4 A molecular sieves. 

The assignment of the mixed acetal was based on the splitting 
pattern of the acetal and vinylic protons at 5.8 (J= 5.8 Hz) 
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TABLE 1. Results of DDQ oxidation of allyl/benzyl methyl ethers 

Z = aryl or vinyl substituent 

Ether Reaction conditions Product (yield) 

Reflux, 2 h 
Reflux, 5 h 
Reflux, 5 h 
CC14/r.t./3 h 
Chloranil/PhMe/reflux, 4 h 

CC14/r.t./3 h 
CC14/r. t./3 h 
CC14/r.t./3 h 
Reflux, 22 h 
1,4-Dioxan/reflux, 5 h 
Reflux, 20 h 
Reflux, 22 h 
Reflux, 5 h 
Reflux, 3 h 

Reflux, 3 h 

Cinnamaldehyde (61)"f + PhC02H (72)eJ 
Cinnamaldehyde (68) + PhCH20H (53YJ 
Cinnamaldehyde (69) + (Ph)3COH (87)eLg 
P h - C W H 3  (58)daeJ 
N.R. 
N.R. 
N.R. 
N.R. 
N.R. 

"Structure tentatively assigned on the basis of ir, nmr, and mass spectral data. 
bProduct aldehyde isolated as bisulfite addition compound. 
'Yield estimated by 'H nmr spectroscopy after aqueous work-up. 
dConversion was 77% based on unreacted starting material. 
eProduct identified by comparison of 'H nmr and ir spectra with those of an authentic sample. 
'hoduct identified by tlc comparison to authentic standard. 
gRecrystallized product had mp identical with that reported in the literature. 

DDQ + - 

Ph-CH=CH-CH20Me - Ph-CH=CH-CH-OMe + DDQH + 

( H - < a ) ,  6.1, and 6.7 ppm respectively, and comparison of 
these with acetal14 prepared independently. The methoxy pro- 
tons of 13 appeared as a pair of singlets at 3.35 and 3.40 ppm. 
The relative integration of the methoxyl to acetal proton signals 
was approximately 3: 1. Comparison of the spectral data of the 
reaction mixture with authentic 14  rules out the presence of the 
dimethyl acetal 14. Furthermore, only one half of the expected 
reduced DDQHz precipitated from solution at this point in time, 
although the reduction product DDQHz is insoluble in carbon 
tetrachloride. This observation, along with the formation of a 
major product containing an acetal proton as seen by 'H nmr, 

suggests that one half equivalent of DDQ is covalently bound to 
the oxidized substrate. Attempted isolation and purification of 
acetal 13 by chromatography led to its hydrolysis to trans- 
cinnamaldehyde and DDQH, (- % equiv.). Increasing the ini- 
tial concentration of DDQ to 1.8 equivalents (36 rnM) resulted 
in the formation of methyl trans-cinnamate in addition to cinna- 
maldehyde. (This ester was also obtained in 12% yield as a 
by-product from the oxidation of the ether 5a with 1.1 equiva- 
lents of DDQ.) Following this reaction mixture by 'H nmr 
spectroscopy, we observed another transient with peaks at 3.24 
ppm (OCH,) and an AB pattern at 5.9 and 6.9 ppm. This 
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FIG. 1. Reaction profile for DDQ/ether 5a = 1 : 1 equiv. FIG. 2. Reaction profile for DDQ/ether 5a = 1.8: 1 equiv. 

transient has been tentatively assigned the structure of the ortho 
ester 15. No signal associated with an acetal proton was 
observed in this case. The relative integration of the methoxy 
signal (3.43) to the vinyl signal (AB 5.9 ppm or 6.9 ppm) was 
approximately 3; 1. These data do not preclude structures such as 
16 as the transient species although the OH signals associated 
with 16 were not discernible in the 'H nmr spectrum. 

This transient upon prolonged reaction (and, ostensibly, hy- 
drolysis) gave methyl cinnamate. Kinetic profiles based on nmr 
time-resolved spectra of the reaction mixtures containing 1: 1 
and 1.8: 1 molar ratios of DDQ and ether 5 are shown in Figs. 1 
and 2 respectively. It can be seen in Fig. 1 that the concentration 
of the acetal 13 peaks at about 2 h and then decreases with 
accompanying increase in formation of both methanol and cin- 
namaldehyde. In Fig. 2 the concentration of acetal 13 peaks 
earlier and decreases more rapidly than in Fig. 1. At the same 
time the transient associated with the ortho ester 15 gradually 
increases and peaks at 3.5 h before diminishing while the 
aldehyde and ester concentrations level off. These observations 
point to two intermediates from which the aldehyde and ester are 
formed. The nmr spectroscopic evidence suggests that the acetal 
13 and the ortho esters 15 or 16 may be precursors to cinnamal- 
dehyde and methyl cinnamate respectively. It is clear from the 
spectral data that cinnamaldehyde is not oxidized by DDQ to 
methyl cinnamate, but DDQ is oxidizing the acetal 13 to an 
ortho ester. The minor amount of cinnamaldehyde formed in- 
itially is attributed to the presence of adventitious water, which 
could be minimized by the addition of activated molecular 

sieves. This is demonstrated when the addition of D 2 0  to the 
reaction mixture results in hydrolysis of the acetal 13 to cinna- 
maldehyde in a separate nmr experiment. The data suggest that 
the oxidation of allylic/benzylic ethers by DDQ proceeds by 
initial and rate-determining hydride abstraction of the a-carbon 
(Scheme 2). This is seen from the relative reactivities of ethers 
possessing electron-donating and -withdrawing R substituents. 
Electron-deficient electrophilic R groups will deactivate this 
process as is seen in the inertness of ethers 7 and 10, although the 
lack of reactivity of 8 is somewhat surprising. Given the failure 
of the reaction to occur in dioxan, it may be that the formation of 
a T-complex between DDQ and the Lewis base renders DDQ 
inactive as a dehydrogenating reagent. Furthermore, the stabi- 
lization of the resultant cation is crucial, as is observed in the 
unreactive nature of ether 9. Thus oxidation of allylic or ben- 
zylic ethers by DDQ is possible, provided that no electrophilic 
substituent is prpesent in the conjugated chromophore and no 
available P-hydrogen is present. In the latter case dehydrogena- 
tion results as the dominant process, as is observed for ether 11. 

These results suggest that DDQ can be used as an alternative 
method for the deprotection of benzyl ethers under neutral 
conditions as was also shown by Yonemitsu (8, 9). Furth- 
ermore, the benzyl methyl ether function can be used as a 
"masked" aryl carboxaldehyde in which the methoxymethyl 
substituent would activate the aryl ring system and direct elec- 
trophilic substitution with a regiochemistry different from the 
formyl group. 

These results also indicate that electron-rich ally1 alcohols or 
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DDQ DDQH- 
R-OR R-OR 

+ 
DDQH OR OR 

unsaturated aldehydes (via acetals) can be oxidized to aldehydes 
and esters with DDQ, without the competing degradative oxida- 
tion that is frequently a complication with the use of chromium- 
(VI) reagents. 

Experimental 
The 'H nmr spectra were recorded in CDC13 or CC14 solution with 

TMS as an internal reference on a Bruker AM-300 nmr spectrometer. 
Infrared spectra were recorded neat on NaCl discs on a Unicam SPlOOO 
instrument, low resolution mass spectra were obtained on a VG Micro- 
mass 16F instrument, and high resolution mass spectra were obtained 
on a VG ZAB-E instrument. 

Anhydrous CDC13 and CC14 were obtained by storing these over 
molecular sieves for 48 h. Toluene was dried over sodium metal. 
Cinnamyl methyl ether (5) was prepared from cinnamyl alcohol (10). 

General procedure for DDQ oxidations 
In a typical run cinnamyl methyl ether 5a (157.4 mg; 1.06 mmol) and 

DDQ (244.5 mg, 1.08 equiv.) were dissolved in dry toluene (20 mL) 
and refluxed for 1.5 h. The resulting sluny was cooled, DDQH2 filtered 
out, and the solvent removed to afford an oil, which was flash chroma- 
tographed (silica gel, dichloromethane) to afford methyl cinnarnate 
(20.0 mg, 12%) followed by cinnamaldehyde (112.0 mg, 80%). 

(8a-H-4,4a, 7,8-Tetrahydronaphtho[2,3-b]thien-9-ylidene)-acet- 
aldehyde (2) 

The methyl ether 1 (62.7 mg; 0.255 mrnol) was dissolved in dry 
toluene (50 mL) with DDQ (127.8 mg, 2.2 equiv.) and the solution 
refluxed2 h. The solution was cooled, concentrated, and flash chroma- 
tographed (silica gel, dichloromethane) to afford the aldehyde as the 
only product, 2 (30.6 mg, 52%); ir uNaC1:1680 (C=O) cm-'; 'H nmr 
6:10.20, d(J = 6.0 Hz), CHO; 7.24, d(J = 5.2 Hz), H2; 7.13, d(J = 
5.2Hz),Hl;6.32,d(J=6.0Hz),Ha;5.75-5.95,m,H5,6;3.65,d(J 
= 7.5 Hz), 1H; 3.13, dd(J = 7.5,l.O Hz), 1H; 2.60-2.80, m, 2H; 
2.15-2.80, m, 2H; 1.65-2.00, m, 2H; ppm; msmlz : 230(100), 
201(84). 

Nuclear magnetic resonance analysis of DDQ: ether 5a mixtures 
The ether 5a and DDQ were mixed together in dry carbon tetrachlo- 

ride to afford a 40 mM solution, which was diluted to 20 mM with 
deuteriochloroform. The 'H nmr spectra were recorded at 23°C. The 
relative concentrations of the aldehyde, ester, methanol, acetal13, and 
ortho ester 15 were based on the height of the peaks (relative to CHC13) 
at 6 9.72, 3.8 1, 3.48, 3.36, and 3.24 ppm, respectively. 

Cinnamaldehyde dimethyl acetal 
This compound was prepared by the general procedure involving 

2,2-dimethoxypropane (11) and had a bp identical to the known 

dimethyl acetal (12); 'H nmr 6: 7.26-7.43, m, 5H; 6.73, d(J = 16.1 
Hz), Ha; 6.15, dd(J = 16.1, 4.9 Hz), HP; 4.96, d(J = 4.9 Hz), Hy; 
3.38, s, 0CH3. 

Preparation of cinnamyl trio1 ether 5d (Z-3-phenyl-l- 
tripheny lmethoxy-2 -propene) 

Cinnamyl alcohol (0.69 mL, 5.36 mmol) was dissolved in dry 
dichloromethane (10 mL) with trityl chloride (1.50 g, 1.0 equiv.) and 
lutidine (0.62 mL, 1.0 equiv.). The solution was stirred for 4 days, the 
solvent removed, and the residue recrystallized from petroleum ether- 
:toluene (5: 1, 10 mL) to afford the trityl ether (1.04 g, 52%); mp (pet. 
ether) 126.5-127°C; iruCHC13: 2985,1587,1480,1439 cm-'; 'H nmr 6: 
7.2-7.6 m, 20H; 6.70, d(Y = 15.9 Hz), Ha; 6.20, dt (J = 15.9, 5.0 
Hz), HP; 3.79, d(J = 5.0 Hz), CH2; ppm; ms mlz: 244(35), 243(100, 
Ph3C+), 183(17), 149(18). Anal. calcd. for CZ8Hz40: C 89.31, H 6.44; 
found: C 89.49, H 6.78. 

Acknowledgements 
We would like to thank NSERC and the Ontario Ministry of 

the Environment, Air Resources Branch, for their generous 
financial support of this project. 

1. (a) H. BECKER. In The chemistry of quinonoid compounds. Part 
1. Edited by S. Patai. Wiley, New York. 1974. p. 335; (b)  P. P. 
Fu and R. G. HARVEY. Chem. Rev. 78, 317 (1978); (c) E. A. 
BRAUDE, L. M. JACK MAN,.^^^ R. P. LINSTEAD. J. Chem. Soc. 
3548 (1954). 

2. A. B. TURNER. In Synthetic reagents. Vol. 4. Edited by J. S. 
Pizey. Wiley, New York. 1977. p. 193. 

3. H. LEE and R. G. HARVEY. J. Org. Chem. 48,749 (1983). 
4. C. CORTEZ, K. B. SUKUMARAN, and R. G. HARVEY. J. Org. 

Chem. 44,4265 (1979). 
5. E. LEE-RUFF and F. J. ALBENAS. Can. J. Chem. 65, 1663 (1987). 
6. A. BOWERS, P. G. HOLTON, E. NECOECHEA, and F. A. KINCL. J. 

Chem. Soc. 4057 (1961). 
7. J. W. FINDLAY and A. B. TURNER. Chem. Ind. (London), 158 

(1970). 
8. Y .  OIKAWA, T. YOSHIOKA, and 0 .  YONEMITSU. Tetrahedron 

Lett. 885 (1982). 
9. N. NAKAJIMA, T. HAMADA, T. TANAKA, Y. OIKAWA, and 0 .  

YONEMITSU. J. Am. Chem. Soc. 108,4645 (1986). 
10. H. BEAUFOUR. Bull. Soc. Chim. Fr. 11,648 (1904). 
11. H. E. BAUMGARTEN (Editor). Organic syntheses. Vol. V. John 

Wiley & Sons, New York. 1973. p. 292. 
12. Beilsteins Handbuch der Organischen Chemie. B VII. Edwards 

Brothers Inc., Ann Arbor, MI. 1943. p. 643. 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

11
0.

22
5.

90
.1

64
 o

n 
04

/1
3/

20
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



This article has been cited by:

1. Jia He, Zizi Jia, Hongcheng Tan, Xiaohua Luo, Dachuan Qiu, Jiarong Shi, Hai Xu, Yang Li. 2019. Arene Trifunctionalization
with Highly Fused Ring Systems through a Domino Aryne Nucleophilic and Diels–Alder Cascade. Angewandte Chemie 131:51,
18684-18689. [Crossref]

2. Jia He, Zizi Jia, Hongcheng Tan, Xiaohua Luo, Dachuan Qiu, Jiarong Shi, Hai Xu, Yang Li. 2019. Arene Trifunctionalization with
Highly Fused Ring Systems through a Domino Aryne Nucleophilic and Diels–Alder Cascade. Angewandte Chemie International
Edition 58:51, 18513-18518. [Crossref]

3. Julien Malassis, Nathan Bartlett, Kane Hands, Matthew D. Selby, Bruno Linclau. 2016. Total Synthesis of (−)-Luminacin D.
The Journal of Organic Chemistry 81:9, 3818-3837. [Crossref]

4. Stephen Philip Fearnley, Pedro Lory. 2016. Vinylsilane-mediated synthesis of styryl-lactone frameworks. Tetrahedron 72:9,
1161-1167. [Crossref]

5. Christopher J. Evoniuk, Sean P. Hill, Kenneth Hanson, Igor V. Alabugin. 2016. Double C–H amination by consecutive SET
oxidations. Chemical Communications 52:44, 7138-7141. [Crossref]

6. Nilufa Khatun, Arghya Banerjee, Sourav Kumar Santra, Wajid Ali, Bhisma K. Patel. 2015. Benzylic ethers as arylcarboxy surrogates
in substrate directed ortho C–H functionalisation catalysed by copper. RSC Advances 5:46, 36461-36466. [Crossref]

7. Pradeep Kumar, Shijo K. Cherian, Ruchi Jain, Krishanu Show. 2014. Chemoselective deprotection of N-allylic amines using DDQ.
Tetrahedron Letters 55:52, 7172-7176. [Crossref]

8. Sangil Han, Satyasheel Sharma, Jihye Park, Mirim Kim, Youngmi Shin, Neeraj Kumar Mishra, Jong Jin Bae, Jong Hwan Kwak,
Young Hoon Jung, In Su Kim. 2013. Pd-Catalyzed Oxidative Coupling of Arene C–H Bonds with Benzylic Ethers as Acyl
Equivalents. The Journal of Organic Chemistry 131212081735000. [Crossref]

9. Igor V. Pimkov, Archana Nigam, Kiran Venna, Fraser F. Fleming, Pavlo V. Solntsev, Victor N. Nemykin, Partha Basu. 2013.
Dithiolopyranthione Synthesis, Spectroscopy, and an Unusual Reactivity with DDQ. Journal of Heterocyclic Chemistry 50:4,
879-886. [Crossref]

10. Tse-Lok Ho, Mary Fieser, Louis Fieser. Chiral Auxiliaries and Catalysts . [Crossref]
11. Tse-Lok Ho, Mary Fieser, Louis Fieser, Rick Danheiser, William Roush, Janice Smith. 2,3-Dichloro-5,6-Dicyano-1,4-

Benzoquinone (DDQ) 207-209. [Crossref]
12. Feng Zhou, Marc-Oliver Simon, Chao-Jun Li. 2013. Transition-Metal-Free One-Pot Synthesis of Biaryls from Grignard Reagents

and Substituted Cyclohexanones. Chemistry - A European Journal n/a-n/a. [Crossref]
13. Tse-Lok Ho, Mary Fieser, Louis Fieser, Rick Danheiser, William Roush, Janice Smith. Dimethylsulfonium Methylide . [Crossref]
14. Tse-Lok Ho, Mary Fieser, Louis Fieser, Rick Danheiser, William Roush, Janice Smith. 2,3-Dichloro-5,6-Dicyano-1,4-

Benzoquinone (DDQ) 248-249. [Crossref]
15. Akira Sakakura, Masayuki Sakuma, Kazuaki Ishihara. 2011. Chiral Lewis Base-Assisted Brønsted Acid (LBBA)-Catalyzed

Enantioselective Cyclization of 2-Geranylphenols. Organic Letters 13:12, 3130-3133. [Crossref]
16. Tse-Lok Ho, Mary Fieser, Louis Fieser, Janice Smith. Potassium t -butoxide . [Crossref]
17. Tse-Lok Ho, Mary Fieser, Louis Fieser, Rick Danheiser, William Roush, Janice Smith. 2,3-Dichloro-5,6-dicyano-1,4-

benzoquinone (DDQ) 000-000. [Crossref]
18. Tse-Lok Ho, Mary Fieser, Louis Fieser, Janice Smith. Potassium t -butoxide . [Crossref]
19. Tse-Lok Ho, Mary Fieser, Louis Fieser, Rick Danheiser, William Roush, Janice Smith. 2,3-Dichloro-5,6-dicyano-1,4-

benzoquinone (DDQ) . [Crossref]
20. Joseph J. Topczewski, Michael P. Callahan, Jeffrey D. Neighbors, David F. Wiemer. 2009. A Tandem Cascade Cyclization

−Electrophilic Aromatic Substitution: Application in the Total Synthesis of (+)-Angelichalcone. Journal of the American Chemical
Society 131:41, 14630-14631. [Crossref]

21. Tse-Lok Ho, Mary Fieser, Louis Fieser, Janice Smith. Potassium t -butoxide . [Crossref]
22. Tse-Lok Ho, Mary Fieser, Louis Fieser, Rick Danheiser, William Roush, Janice Smith. 2,3-Dichloro-5,6-dicyano-1,4-

benzoquinone (DDQ) . [Crossref]
23. Jun Yan, Shan Jin, Binghe Wang. 2005. A novel redox-sensitive protecting group for boronic acids, MPMP-diol. Tetrahedron

Letters 46:49, 8503-8505. [Crossref]
24. Ch. Raji Reddy, Amar G. Chittiboyina, Rajashaker Kache, Jae-Chul Jung, E. Blake Watkins, Mitchell A. Avery. 2005. The

trimethylsilyl xylyl (TIX) ether: a useful protecting group for alcohols. Tetrahedron 61:5, 1289-1295. [Crossref]

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

11
0.

22
5.

90
.1

64
 o

n 
04

/1
3/

20
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 

https://doi.org/10.1002/ange.201911730
https://doi.org/10.1002/anie.201911730
https://doi.org/10.1021/acs.joc.6b00489
https://doi.org/10.1016/j.tet.2016.01.003
https://doi.org/10.1039/C6CC03106D
https://doi.org/10.1039/C5RA03462K
https://doi.org/10.1016/j.tetlet.2014.10.136
https://doi.org/10.1021/jo4024304
https://doi.org/10.1002/jhet.1715
https://doi.org/10.1002/9780471264194.fos02343.pub5
https://doi.org/10.1002/9780471264194.fos03620.pub5
https://doi.org/10.1002/chem.201300491
https://doi.org/10.1002/9780471264194.fos04546.pub3
https://doi.org/10.1002/9780471264194.fos03620.pub4
https://doi.org/10.1021/ol201032t
https://doi.org/10.1002/9780471264194.fos08392.pub3
https://doi.org/10.1002/9780471264194.fos03620.pub3
https://doi.org/10.1002/9780471264194.fos08392.pub2
https://doi.org/10.1002/9780471264194.fos03620.pub2
https://doi.org/10.1021/ja906468v
https://doi.org/10.1002/9780471264194.fos08392
https://doi.org/10.1002/9780471264194.fos03620
https://doi.org/10.1016/j.tetlet.2005.10.010
https://doi.org/10.1016/j.tet.2004.11.023


25. Salo Gronowitz, Anna-Britta Hörnfeldt. Vinylthiophenes 98-175. [Crossref]
26. Jian-Hua Zhong, Alex Fishman, Edward Lee-Ruff. 2002. Photochemistry on Soluble Polymer Supports:  Synthesis of Nucleosides.

Organic Letters 4:25, 4415-4417. [Crossref]
27. Jean-Michel Vatèle. 2002. The prenyl group: a versatile hydroxy protecting group, removable chemoselectively under mild

conditions. Tetrahedron 58:28, 5689-5698. [Crossref]
28. E. Lee-Ruff, R. Margau. 2001. PHOTOCHEMICAL SYNTHESIS OF NOVEL DIDEOXYNUCLEOSIDES. Nucleosides,

Nucleotides and Nucleic Acids 20:3, 185-196. [Crossref]
29. Jerzy Zadykowicz, Pierre G. Potvin. 1999. N -(2-tetrahydrofuranyl)azole nucleoside analogs by reactions of azoles with

dihalomethanes in tetrahydrofuran. Journal of Heterocyclic Chemistry 36:3, 623-626. [Crossref]
30. J.S. Yadav, S. Chandrasekhar, G. Sumithra, Rajashaker Kache. 1996. Selective and unprecedented oxidative deprotection of allyl

ethers with DDQ. Tetrahedron Letters 37:36, 6603-6606. [Crossref]
31. E. LEE-RUFF, F. J. ABLENAS. 1989. ChemInform Abstract: Oxidation of Allyl and Benzyl Ethers by 2,3-Dichloro-5,6-

Dicyanobenzoquinone (DDQ). ChemInform 20:35. . [Crossref]

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

11
0.

22
5.

90
.1

64
 o

n 
04

/1
3/

20
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 

https://doi.org/10.1016/B978-012303953-8/50005-9
https://doi.org/10.1021/ol026881r
https://doi.org/10.1016/S0040-4020(02)00539-2
https://doi.org/10.1081/NCN-100002080
https://doi.org/10.1002/jhet.5570360308
https://doi.org/10.1016/0040-4039(96)01478-5
https://doi.org/10.1002/chin.198935130



