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This note outlines a method for the use of the al- 
lyloxycarbonyl group for protcction of hydroxyl and 
amino functions. 

Allyl and cinnamyl acctatcts have been reportrd to 
react with nickd carbonyl at 4q5-6;i0 in tctrahydrofuran 
for 2-3 hr to form the allylic coupling products (lJt5- 
hexadicnes) in 3O4Oy0 yiold. Undw thcsr conditions 
nonallylic acctatos and allylic alcohols or cthcrs arc 
unreactive. These facts suggest that  tho allyloxy- 
carbonyl group could bc used for hydroxyl or amino 
protctction in a way parallel to tho n.ctll-l;nown bcnzyl- 
oxycarbonyl (cnrbobcnzoxy) group and rcmovcd under 
mild aprotic conditions by th(1 action of nickel carbonyl 
or a relatod "allylophilic" rcayrnt. Experimental 
verification of this possibility was roadily obtained. 
The convcrsion of a varictty of alcohols to alkyl (or 
cycloalkyl) allyl carbonatrs could be accomplished in 
high yield by rcaction with allyl chloroformatc (avail- 
able from Polyscicnccs, Inc., Warrington, Pa.) and 
pyridine in a suitablc aprotic solvcnt [e.q. ,  rthcr or 
tctrahydrofuran (THV) 1. Rcgcnoration of alcohol 
from the corrctsponding alkyl allyl carbonate occurred 
upon cixposurc to nicltcl carbonyl, as cxpoctcd, but i t  
was found that t h  rcaction could not bc driven to 
completion cvcn with an (:xccss of the reagent. This 
difficulty could be ov('rcomc by thc addition of N,N'- 
tctramethylcthylcncdiaminc! to rcaction mixtures in 
eithcr acctonitrilc or dimethylformamidc (Dhll;) as 
solvcnt, altliough an cxc(?ss of nickel carbonyl mas found 
still to bo nc?cessary.* l'or optimal yiclds of alcohols 
from alkyl allyl carbonates, thc following rcaction 
conditions werc typically rmployed: (a) ca. 5 equiv 
of niclwl carbonyl and 3 cquiv of tetramcthylcthylcnc- 
diaminct per q u i v  of allyl carbonatr, (b) DMF [.?-lo 
ml/ml of Ki(CO),] as solvcnt at 5 S 0 ,  (c) nitrogen or 
argon atmosphctrc>, (d) ca. 4 hr reaction time. Undcr 
t h ( w  yuitc: mild conditions the following cleavagcts of 

(1) N. L. Uauld, Yelruhedron Lett.,  859 (1962) .  
(2) The role of tetrametllylethylenediamine in this regard is unclear. I t  

was originally considered that the formation of Ni(I1) as a reaction product 
Inight somehow inhibit the reaction and that the diamine might prevent 
sucli inhibition by complexation. However, i t  has been observed tha t  
added nickel acetate has no effect on the rate or extent of reaction between 
alkyl allyl carbonate and nickel carbonyl alone. 

alkyl allyl carbonates to alcohols were observed (yield 
in parentheses). 

N l ( C 0 ) r  
ROCOOCHzCH=CHz u ROH 

R = n-decyl (93c/o) 
I t  = ero-2-norbornyl (87%) 
R = menthyl (91 5 % )  

To illustrate the use of the allyloxycarbonyl group for 
protection of amino nitrogen, two substrates, N- 
allyloxycarbonyl-dl-~henylalaninr~ and N-allyloxydi- 
cyclohexylamine, were prepared and trcatcd with nickel 
carbonyl under the conditions outlined above excrpt 
for the use of DMV-watcr (93:Fi) as medium and 10 
equiv of nickel carbonyl. The rxpected free amino 
compounds, dl-phenylalanine and N,N-dicyclohcxyl- 
amine, were obtained in 95 and 83% yield. 

We cxpcct that  for large-scalc preparativc work 
whcrc the use of cxccss nickel carbonyl may br un- 
acceptable, the use of a carbon monoxide atmospherc 
under pressure is advisable to stabilize thc reagent. 

Experimental Section 

The following procedures for the synthesis and cleavage of the 
allyloxycarbonyl derivative of 1-decanol could also be applied to 
ero-2-norborneol and menthol. 

Decyl Allyl Carbonate.-A magnetically stirred solution of 1- 
decanol (3.24 g, 20.5 mmol) and pyridine (2.03 g, 25.7 mmol) in 
75 1111 of T H F  was cooled to  O o ,  and allyl chloroformate (3.097 
g, 23.7 mmol) in 10 ml of T H F  was added dropwise. The re- 
action mixture was slowly warmed t o  room temperature, and 
after 2 hr a t  room temperature the solution was filtered and sol- 
vent was removed at  reduced pressure. Ether (25 ml) was then 
added and the solution was filtered again, washed with water and 
brine, dried over anhydrous &IgSOa, then distilled to give 4.54 
g (91%) of a pleasant-smelling liquid: bp 109-110" (0.5 mm); 
ir (neat) 1751 (s), 1647 (w), 1292 (sh), 1250 (s, b), 970 (m),  
79.5 cm-I (m); nmr (Ccl4) 6 6.34-5.70 (9-line multiplet, 1 II), 
5.37 (ABC triplet, 2 H), 4.61 (d, J = 5 Hz, 2 11) (these three 
absorbances are due to the allyl group and are the same in all 
the carboallyloxy derivatives made), 4.14 (t,, J = ti H z ,  2 €I), 
1.33 (s, 16 H), 0.97 (in, 3 H ) ;  massspectrumm/e 140 [(CHZ)IO+]. 

1-Decano1.-(Nickel carbonyl is both volatile and toxic; 
all operations involving it were performed in a well-ventilated 
hood.) Into a 25-ml flask fitted with a side arm and reflux con- 
denser topped by a three-way stopcock opened to an argon-filled 
balloon were placed 71-decyl allyl carbonate (0.288 g, 1.19 mmol), 
tetramethylethylenediamine (0.417 g, 3.60 mmol), and 7 ml of 
dry, argon-saturated DRIF. Nickel carbonyl (0.78 ml, 6.0 
mmol) was added all a t  once, and the stirred mixture was warmed 
slowly to 5 6 ' .  Aft,er 4 hr excess nickel carbonyl was removed 
by codistillation with ether into an ethereal iodine solution. 
The mixture was poured into 20 ml of water and extracted twice 
with 16 ml of pentane. The pentane layer was washed with 20 
ml of 1 iV hydrochloric acid and brine, and dried over anhy- 
drous hlgSO4. Evaporation of the solvent at reduced pressure 
gave 0.177 g (950/0) of 1-decanol, homogeneous by tlc and with 
spectral properties identical with those of authentic material. 

Cleavage of Allyloxycarbonyl Amides. A. X-Allyloxycarbonyl- 
iV,iV-dicyclohexy1amine.-The above procedure was followed 
except that 0.3 ml of water was also added to the reaction mix- 
ture, and 10 equiv of nickel carbonyl was used. After removal 
of excess nickel carbonyl, the reaction mixture was poured into 
20 ml of 1 iV HCl, and the solution was made basic with sodium 
carbonate and extracted thrice with pentane. These pentane 
extracts were dried over anhydrous magnesium sulfate and con- 
centrated under reduced pressure to give dicyclohexylamine 
(98% yield). 
B. iV-Allyloxycarbonyl-dl-phenylalanine.-The reaction con- 

ditions were as described just above. After 5 hr excess nickel 
carbonyl and TME 1)A were removed under reduced pressure. 
Then 50 ml of water was added and HzS was bubbled through the 
solution for 10 min. The solution was brought to pH 6, heated 

(3) C. &I. Stevens and R. Watanabe, J .  Anier. Chem. Soc. ,  71, 725 (1950) .  



3224 J .  Org. Chem., Vol. 38, No.  18, 1975 NOTES 

to  break the nickel sulfide colloid, and filtered through Celite. 
The filtrate was evaporated under reduced pressure, and the 
residual solid was washed three times with acetone and dried 
to give pure dl-phenylalanine (83% yield) identified by com- 
parison with an authentic sample. 
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The highly srlectivc. properties of various transition 
metal drrivcd rcagcnts would seem to recommend their 
application to the removal of suitable chosen protecting 
groups.' This note outlincs a new method for the 
selective cleavage of allyl ethers to alcohols under condi- 
tions sufficiently mild so that alcohol derivatives such 
as alkyl ethcrs, aryl ethers, or esters, and also many 
of the common functional groups, would not be affected. 
Our findings suggest that protection of hydroxyl groups 
as allyl ethers may be a very useful technique for organic 
synt hesis. 

We have found that rhodium(1) complexes such as 
RhC1(PPh3)3 catalyze the isomerization of allyl ethers 
(1) to 1-propenyl ethers (2) under neutral aprotic 

Rh(I)  PH 2 
ROCH&H=CH2 __f ROCH=CHCHa --t 

1 2 
ROH + CHICH~CHO 

3 

(1) For an earlier application involving a metal-ion sensitive protecting 
group, see E. J. Corey and R. L. Dawson, J. Amer. Chem. Soc. ,  84, 4899 
(1962). 

conditions.2 Hydrolysis of the enol ethers 2 occurs 
rapidly a t  pH 2 t o  form the free alcohols 3. The 
generality of the process was demonstrated for the allyl 
ethers of methanol, 1-decanol, and cholesterol, all of 
which could be converted readily to the corresponding 
alcohols 3 in >90% yield. Benzyl ethers were found 
to be stable under the conditions which cleave allyl 
ethers. Tristriphenylphosphine rhodium chloride was 
considerably more active as a catalyst than RhC13,3 
which in turn was more active than PdC12, RuC13, or 
IrCl3. Prior to this work the cleavage of allyl ethers 
has been effected by the conventional method using 
strong acids, by oxidation with SeOB in acetic acid- 
d i o x ~ n e , ~  or by treatment with strong base to generate 
an enol ether followed by acid hydrolysis or oxidation.2f5 

Experimental Section 

Cleavage of Allyl Ethers as Illustrated by Menthyl Allyl Ether 
--+. Menthol.-A solution of menthyl allyl ether (0.114 g, 0.58 
mniol) (prepared from menthol, sodium hydride, and allyl 
bromide), RhCl(PPh3)3 (0.037 g, 0.040 nimol) (Alfa Inorganics), 
and diazabicyclo[2.2.2]octane (0.013 g, 0.120 mmo1)e in 10% 
aqueous ethanol was heated a t  reflux for 3 hr. An aliquot was 
injected into 1 N HC1 and after a few minutes was assayed by 
vpc analysis (10 ft X 0.125 in. 37, Carbowax 20hI Chromosorb 
W, 130') which showed only inenthol and menthyl allyl ether 
in 93 and 77, yield, respectively. Work-up of a parallel reaction 
(by pouring into water, extracting with ether, washing the ether 
with brine acidified to pH 2, drying over anhydrous hIgS04, 
concentration, and separation on silica gel) gave menthol in 
9370 yield. The same procedure was applied to  the cleavage of 
the allyl ethers of 1-decanol and cholesterol to form the alcohols 
in 96 and 90% yield, respectively. 
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(2) Allyl ethers have been found previously to  he isomerized to  1-propenyl 
ethers under quite drastic conditions (potassium tert-butoxide in dimethyl 
sulfoxide a t  100'). See J. Cunningham, R. Gigg, and C. D. Warren, Tetra- 
hedron Lett., 1191 (1964). and references cited therein. 

(3) A .  J. Birch and G. S. R. Rao, Tetrahedron Lett., 3797 (1968); J. F. 
Biellmann and M. J. Jung, J .  Amer. Chem. Soc., 90, 1673 (1968). 
(4) K. Kariyone and H. Yazawa, Tetrahedron Lett., 2885 (1970). 
( 5 )  R .  Gigg and C. D.  Warren, J .  Chem. Soc. C, 1903 (1968). 
(6) Added to  inhibit premature hydrolysis of the intermediate enol ether. 

Free propionaldehyde reacts with RhCl(PPhs)a to form the catalytically 
much less active RhCl(PPhs)tCO. 


