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Allylic chlorination gave 2-dienyl chloride 10 that re- 
acted with lithium diphenylphosphide16 and then with 
hydrogen peroxide to form allylic phosphine oxide 11. 
Thus in 11 step and in 32% overall yield, easily prepared 
3-brome2-pyrone has been trdomed into an immediate 
precursor of la,2a,25-trihydroxyvitamin D3, a new ana- 
logue of vitamin DS. 

Important aspects of this report include the following: 
(1) discovery that 3-bromo-2-pyrone can be coaxed into 
effective inverse-electron-demand cycloaddition with an 
electron-rich dienophile under sufficiently mild thermal 
conditions to prevent loss of COz from the initial bi- 
cycloadduct; (2) use of easily prepared 3-bromo-2-pyrone 
instead of less easily prepared 3-(tolylsulfonyl)-2-pyrone 
as an important practical improvement of this cyclo- 
addition methodology;8 (3) use of a new sulfinyl ortho ester 
for one-flask, regiospecific conversion of complex allylic 
alcohol 7 into 2-carbon-extended conjugated dienoate ester 

8; and (4) demonstration that silyl ether protection in 
contrast to alkyl ether protection can effectively prevent 
ether oxygen-Lewis acid coordination (e.g. 2-8 - 9). 

Continuing efforts are being directed at (1) preparation 
of enantiomerically pure allylic phosphine oxide 11; (2) 
conversion of 11 into la,2a,25-trihydroxyvitamin D3 via 
Lythgoe co~pling;~'J~ and (3) biological evaluation of this 
new vitamin D3 derivative. Results of these efforts will 
be reported in due course. 

Acknowledgment. We thank the NIH (GM-30052) for 
generous financial support and Professor Jacqueline Sey- 
den-Penne (Orsay, France) for first bringing to our at- 
tention the difference in Lewis acid coordinating ability 
of silyl vs alkyl ethers. 

Supplementary Material Available: Characterization of 
compounds 3-11 (5 pages). Ordering information is given on any 
current masthead page. 

Decarboxylative Cyclization of Allylic Cyclic Carbamates: Applications to the Total Synthesis 
of (-)-Codonopsinel 
Chia-Lin J. Wang*vt and Joseph C. Calabreset 
Du Pont Merck Pharmaceutical Co., Experimental Station, P.O. Box 80353, Wilmington, Delaware 19880-0353, and Du Pont Co., 
Central Research and Development Department, Experimental Station, Wilmington, Delaware 19880-0228 
Received April 8, 1991 

Summary: Decarboxylative cyclization of allylic cyclic 
carbamates 1 leading to 2-substituted A3-piperidines and 
-pyrrolidinw, as well as its application to the total synthesis 
of (-)-codonopsine, is described. 

2-Alkyl-A3-piperidines and -pyrrolidines are useful in- 
termediates in the synthesis of various alkaloids? None 
of n e  methods for synthesis of these compounds, however, 
are suitable for the synthesis of 2-aryl-A3-pyrrolidines. In 
a project directed toward the synthesis of (-)-codonopsine 
(4a), a natural product! that possesses hypotensive activity 
with no effect on the central nervous system,' we needed 
a 2-aryl-As-pprolidine as a key intermediate. A general 
entry to both 2-aryl- or alkyl-substituted A3-pyrrolidines 
and -piperidines was desired for the synthesis not only of 
(-)-codonopsine but also of other alkaloids such as pum- 
iliotoxin CP Since the Claieen rearrangements of lactonic 
(silyl) enolatess and acyclic allylic imidates' to function- 
alized cycloalkenes and amides have been fruitful areas 
of organic synthesis, we initiated a program to study 
whether allylic cyclic carbamates 1 undergo similar rear- 
rangement to 3 through intermediate 2 (eq 1). Herein we 
report our preliminary results and an application to the 
first total synthesis of natural (-)-codonopsine. 
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The synthesis of compounds 1 (n = 1) is shown in 
Scheme I. Addition of trimethylsilyl ester of aci-nitro- 
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Scheme I11 k:* 1. Brz, CCl4 

2. NaHCG, acetone 

(70%) 13 

Table I 
R' 

ClCOgEt (0" 
EtN, THF . R' 

WzEt 

3 (R=Et) 

9 (R = Et), 
enw R' R2 n yield (%) 

1 Ph H 1 85 
2 n-C&1, SiMea 1 76 
3 n-CbH1, H 1 20 
4 ~ , ~ - ( M ~ O ) Z C & S  H 0 80 
5 Ph H 0 20 
6 n-C&11 H 0 0 

methanee to diene 5O gave 2-isoxazoline 61° in 70-80% 
yield. Treatment of 6 with LiAlH4, followed by ethyl 
chloroformate in the presence of triethylamine, yielded ca. 
50% of 7, which was converted to 8 smoothly using sodium 
hydride at 60 OC in 75435% yield. 

In order to prepare compounds 1 with n = 0, R2 = H, 
the aldehyde 911 was treated with trimethylsilyl cyanide12 
and the resulting silylated cyanohydrin was directly re- 
duced with LiAlH4 to give 80% of amino alcohol 10. 
Reaction of 10 with ethyl chloroformate, followed by so- 
dium hydride, afforded 11 in 50430% yeld (Scheme 11). 

The Claisen rearrangement of 8 and 11 was carried out 
using 1 equiv of boron trifluoride etherate in methylene 
chloride at room temperature13 to give decarboxylative 
cyclization products 12 isolatsd as their ethyl carbamates 
(Table I). Moderately high yields (e.g. entries 1, 2, and 
4) of the cyclization were obtained when R1 is electron- 
donating or R2 is a trimethylsilyl group, which can stabilize 
a @-carbonium ion. This observation supports the permise 
that a carbonium ion or ion pair is an intermediate14 in 
the decarboxylative cyclization. Other Lewis acids such 
as zinc chloride also affected the decarboxylative cycliza- 
tion, but aluminum chloride and titanium tetrachloride 
failed to give the desired cyclization products. 

This decarboxylative cyclization provides access to 
various 2-substituted A3-piperidines or -pyrrolidines. This 
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methodology has been used for the synthesis of (-)-code 
nopsine. Bromination of trans-3,4-dimethoxycinnamic 
acid, followed by decarboxylative dehydrobromination with 
sodium bicarbonate in refluxing acetone,l6 gave a 70% 
yield of (E)-vinyl bromide 13 (Scheme 111). Treatment 
of 13 with t-BuLilB at -100 OC generated the vinyl anion, 
which was reacted with dianion 14 (prepared from N- 
(ethoxycarbonyl)-Palanine and 2 equiv of n-BuLi) to af- 
ford enone 15 in 35% chromatographic yield ( [ a I m ~  = 
-38.5' (c  = 0.338, CHC13)).17 Sodium borohydride re- 
duction of 15, followed by cyclization with sodium hydride, 
gave a 73% yield of cyclic carbamate 16 as a cis and trans 
mixture in a 2:l ratio. Decarboxylative cyclization with 
boron Muoride etherate and isolation of the products as 
their methyl carbamate afforded 17 and the corresponding 
cis isomer in 60% yield in a ratio of c& 1.31 as determined 
by 'H NMR spectroscopy. The stereochemical assign- 
ments of 17 were eventually confirmed by conversion to 
(-)-codonopsine. The mixture was epoxidized with m- 
CPBA in methylene chloride at room temperature to af- 
ford 18 and 19 in 55% yield and the recovered starting 
material (15%). The epoxides were then hydrolyzed with 
concd H2SO4 in dioxane-water at 95 OC to give a chro- 
matographically separable mixture of diol 20 (30%) and 
other isomers (23%). Finally, LiAlH, reduction of 20 in 
refluxing THF provided (-)-codonopsine as a white crys- 
talline compound in 73% yield, mp 148-150 OC (lit." mp 
150-151 "C); [alaOD = -14O (c = 0.16, MeOH) (lit." [ a l m ~  
= -16O (c = 0.84, MeOH)). The 'H NMR and MS spectral 
data were also consistent with those reported in the lit- 
erature." X-ray crydlographic analysis of 4a showed the 
relative stereochemistry as indicated. Thus, this work has 
confiimed the absolute configuration of natural codonop 
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sine to be 2R,3R,4R,5R as previously proposed.af Supplementary Material Available: Experimental proca 
dures, spectral data, and physical properties for compound8 6-8 
( ~ 1 ~  ph, ~2 = H), 10-11 (R~I 3,4(M&)&&), 13,1620, and 
4a and an X-ray  OR^ hawing and crystallographic panunetere 
for 4a (8 pages). Ordering information is given on any current 
masthead page. 
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The circular dichroii of the loweat energy im+ transition in cyclohexylidenepropenea (a claw of s-trans dienes) 
haa been investigated theoretically. Two calculation methods, viz. the De Voe coupled oscillators theory and 
a semiempirical MO-SCF method (CNDO/S), have been employed. CD signs opposite to those experimentally 
found by Walborsky and co-workers have been obtained for every molecule studied. A possible origin of this 
disagreement cannot be found in a twist of the diene chromophore on the basis of the theoretical mnformational 
analysis (MMP2 and ab initio SCF calculations give planar diene structure); the origin of the optical activity 
of these compounds seem then to be an open question. 

Introduction 
The origin of optical activity in the diene chromophore, 

in particular the circular dichroism (cd) of the lowest en- 
ergy -* transition, has been the subject of several ex- 
perimental and theoretical investigations,' and various 
chirality rules have been proposed' to correlate the spectral 
data with the molecular structure. Most of the interest 
has been devoted' to 1,3-cisoid dienes, while the transoid 
systems received much less attention. Only in recent years 
have some interesting papers by Walbomky and co-workers 
appeared in the literature2-' dealing with the synthesis, 
structure, and chiroptical properties of cyclohexylidene- 
substituted, planar s-trans butadienes. It is worth men- 
tioning that they proposed2 a sector rule, the planar diene 
rule, to correlate the sign of the long-wavelength PT* cd 
transition with the absolute configuration. They also 
provided a qualitative interpretations of the cd data of 
these systems on the basis of the twegroup electric dipole 
mechanism.s In 1988, Walborsky, Reddy, and Brewster 
empirically introduced6 a more complex sector rule, which 
explicitly superseded the first one. In addition, they also 
attempted, without success, to apply the Weigang treat- 
ment' to have quantitative estimation of the cd allied to 
lowest energy r - T* transition of these systems. In this 
paper, we try to provide a quantitative analysis of the cd 
data of the previous transoid dienes employing a dynamic 
coupling method of calculation, the De Voe model? which 
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tive. 

has been successfully used in several instances to reproduce 
the cd of simple symmetric chromophores perturbed by 
polarizable groups dissymmetrically disposed around it. 
This model has been described in detail elsewhere! so only 
most important features will be presented here. A De Voe 
treatment of the optical properties of a chiral molecule 
requires a division of the molecule in a set of suitable 
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