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Nitrosamine Removal  f r o m  T r i f l u r a l i n  w i t h  Hydrochlor ic  
Acid. Trifluralin (30 g), containing 68 ppm of NDPA, was stirred with 
6 mL of concentrated hydrochloric acid a t  70 "C for 30 min. Then, the 
layers were separated and the organic fraction was washed with 10 
mL of 10% sodium carbonate solution. The  organic fraction was as- 
sayed for NDPA by the gas chromatograph method and < I  ppm was 
detected. 

Also, the aqueous acid layer was neutralized with cold 20% sodium 
hydroxide solution and extracted with 6 mL of methylene chloride. 
Assay of the me.chylene chloride layer for NDPA showed <1 ppm. 

Nitrosamine Removal f r o m  Etha l f lura l in  wi th  Hydrogen 
Chloride Gas. Ethalfluralin (100 g), containing 65 ppm of EMANA, 
was heated to 70 "C. Then hydrogen chloride gas was bubbled through 
the reaction mixture at a rate of 90 mL/min. Samples were removed 
periodically and washed with lO?6 sodium carbonate solution, dried, 
and analyzed for EMANA. After 30 min of hydrogen chloride gas 
treatment, less than 1 ppm of EMANA was detected. 

Nitrosamine Removal f r o m  Tr i f lura l in  wi th  Sul fur ic  Acid. 
Trifluralin (100 ;I, containing 68 ppm of NDPA, was heated to 70 "C 
and 20 mI, of 85% sulfuric acid was added. The reaction mixture was 
stirred vigorously for 30 min and then the layers were separated. The 
organic layer wiis washed with 10% sodium carbonate solution and 
analysis for NDPA showed <1 ppm. The aqueous acid layer was 
neu'ralized with 20% scldium hydroxide solution and extracted with 
20 mL of methylene chloride. Analysis of the methylene chloride layer 
for NDPA showed 73 ppni. 

Destruct ion of NDI'A in  Carbon  Tetrachlor ide.  One-hundred 
microliters of NDPA w r e  dissolved in 5 mL of carbon tetrachloride 
contained in a IO-niL reaction flask equipped with a gas inlet adapter, 
magnetic stirrer. and a condenser attached to  a dry ice-alcohol cold 
trap containing 5 mIJ of' carbon tetrachloride. Hydrogen chloride gas 
was added at  a rate of 1 2  mL/min subsurface a t  50 "C. Samples were 
removed at various intervals and after 75 min of reaction time, 5 mL 
of 10% sodium carbonate solution was added. 

Then,  assay of  the separated reaction mixture showed <I pg/mL 
of NDPA. The sodiun- carbonate layer showed also <1 pg/mL of 
NDP:\. Assay of the carbon tetrachloride layer from the cold t rap 
showed 11 pg/mL of S I IPA.  

T r e a t m e n t  of Tri f lura l in  wi th  Iodine. To 30 g of trifluralin 
containing 68 ppm o f  KTIPA was added 0.1 g of iodine. The reaction 
was heated at 7Ci " C  for I h. Then air was passed through the mixture 
t o  remove excess iodine. A sample was analyzed for NDPA and 
showed 78 ppni 

Removal of I3ENA -from Benefin. To 30 g of benefin containing 
20 ppm of REN.4 was ai-ided 0.1 g of molecular bromine at 70 "C. The 
reaction mixture mas slirred for 1 h. Then, 10 mL of 5% sodium car- 
bonate solution was added. The layers were separated and the organic 
layer showed 1 ppm of BENA upon analysis. 

Nitrosamine Removal f rom Tr i f lura l in  w i t h  Molecular  Bro -  

mine. Trifluralin (30 g),  having an average nitrosamine assay of 68 
ppm, was heated to  70 "C and 0.2 g of molecular bromine was added 
a t  the surface interface. The  reaction mixture was allowed to  stir a t  
70 "C for 20 min. Then the trifluralin sample was washed with 10 mL 
of 10% sodium carbonate solution and the organic layer was isolated. 
A sample was sent for gas chromatographic assay of NDPA and less 
than 1 ppm of NDPA was detected. 

Removal of N D P A  f rom Tr i f lura l in  wi th  N-Bromosuccini-  
mide. Trifluralin (30 g), with an average assay of 68 ppm NDPA, was 
heated to 70 "C and 0.5 g of N-bromosuccinimide was added. The  
reaction mixture was stirred a t  70 "C for 30 min. A sample was ana- 
lyzed by gas chromatography and showed 1.7 ppm of NDPA. 

Removal of N D P A  f rom Tr i f lura l in  wi th  Chlorine Gas. A 30-g 
portion of trifluralin (68 ppm of NDPA) was heated t o  110 "C and 
chlorine was bubbled through the reaction mixture a t  a rate of 15 
mL/min. Samples were taken periodically and assayed for NDPA. 
After 2 h, approximately 1.2 ppm of NDPA was detected. 

Regis t ry  No.--Trifluralin, 1582-09-8; ethalfluralin, 55283-68-fi; 
henefin, 1861-40-1 ; EMANA, 68630-39-7: RENA, 4549-44-4. 
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Synthesis of a-Methylene-y-butyrolactones by 
Rearrangements of Cyclopropylcarbinyl Substrates 

t i -  hlethylene-: -hutyrolactones can be viewed as derivatives of homoallylic alcohiils. potentially ohtninahle l rom 
rearrangenients of cyclopropylcarbinyl derivatives. In  order to test this concept, the r ~ c l o p r o p y l c a r l ~ i n ~ l  deriva- 
tives Ra-7a were prepared. Acid-catalyzed rearrangements of 3a and l a ,  solvolytic rearrangements I I ~  sa, and 
AgC104-iriduced rearrangements of 6a and 7a gave the u-methylene-y-butyrolactone 10 in good yields. The unsatu- 
rated subst rates 3b-6b were similarly prepared and shown to rearrange to  wmethylene lactone 16, showing that  
a suitably placed double bond can direct the regiochemistry of these rearrangements. Lactone 16 has a double bond 
in 3 position characteristic of many naturally occurring lactones. 

T h e  a-methylene-y-butyrolactone r ing  is p r e s e n t  in  a 
wide  var ie ty  of s e s q u i t e r p e n e s  a n d  o t h e r  n a t u r a l l y  occurr ing  
compounds .2  M a n y  of these c o m p o u n d s  have  biological ac-  
t ivity;  s o m e  have  been  s h o w n  t o  h a v e  t u m o r - i n h i b i t i n g  a c -  

0022-3263/79/1944-0786$01.00/0 

tivity:l The tu-methylene-y-butyrolactone r ing  h a s  been  
sugges t ed  t o  b e  of c e n t r a l  i m p o r t a n c e  t o  t h e  biological a c -  
t iv i t ies  of t h e s e  compounds .  Thus, cons iderable  research  ac-  
t iv i ty  has b e e n  d i rec ted  toward  t h e  synthes is  of ru-meth- 
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ylene-7 - b u t y r o l a ~ t o n e s , ~  and a number of total syntheses of 
naturally occurring lactones have recently a ~ p e a r e d . ~  

In most naturally occurring a-methylene-y-butyrolactones, 
the lactone ring is fused to  a six-, seven-, or ten-membered ring 
which frequently bears additional nearby functionality. About 
one-half of the naturally occurring lactones have an additional 
oxygen substituent as shown in A (R = H or acyl), while about 
one-fourth have a n  additional double bond as shown in B.6 

R b  
r l o  

B 

i\ 

Much of the early work on the synthesis of n-methylene- 
1 -butyrolactones was directed toward the  synthesis of the 
tr-methylene-y-butyrolactone ring itself with relatively little 
attention given to  the additional functionality frequently 
found in the naturally occurring lactones. Most of the lactones 
with tumor-inhibiting activity possess the additional oxygen 
functionality of' type A,"a and a number of reports of the 
synthesis of such lactones have appeared cul- 
minating in the successful synthesis of the tumor inhibitor 
vernolepin by several groups.5d Although several unsaturated 
lactones of type B have been prepared,5a-C,7e,g there has been 
no methodology specifically directed toward the synthesis of 
lactones of this type. 

Several years ;go,  we reported preliminary results on a novel 
approach to  the synthesis of a-methylene-y-butyrolactones, 
involving rearrangements of carboxy- or carboalkoxy-sub- 
stituted cyclopropylcarbinyl derivatives.8 T h e  mechanistic 
rationale for these rearrangements, shown in Scheme I, is 
based on the well-known rearrangements of cyclopropylcar- 
binyl cations,".'(' with interception of the (solvated) homoallyl 
cation by the neighboring carboxyl group. (Such interception 
of cyclopropylcarbinyl or cyclobutyl cations would be less 
favorable because of ring strain.) According to  this mecha- 
nistic rationale. either of two cyclopropane bonds could be 
broken. and mixtures of' isomeric lactones might be expected 
to  result from cyclopropanes not having a plane of symmetry. 
LVe anticipated that  the ring openings could be directed by 
functionality in an adjacent ring. For example, a suitably 
placed double bond (as in compounds 3b-6b) might direct 
iand assist) the cyclopropane ring opening by stabilizing a 
developing positive charge; such a directed ring opening would 
he expected to  lead to lactones of structural type B. 

We have studied rearrangements of cyclopropylcarbinyl 
derivatives having the cyclopropane ring fused to a six- 
membered ring in some detail. We have found a number of 
conditions under which the ti-methylene-y-butyrolactorle 10 
can he isolated from these rearrangements in good yields and 
high purity. LL-e have additionally found that a suitably placed 
double bond in the cyclupropylcarbinyl substrate can control 
the regiochemisi ry of the rearrangement, resulting in the 

Scheme I 

CH, 

l 

Scheme I1 

a. R = Et ,  saturated six-membered ring: 
b, R = Me, unsaturated six-memhrred ring 

a Used in subsequent reactions without pui ification. 

synthesis of an ti-methylene-y-butyrolactone (16)  of type 
B.11 

Resul t s  
Synthesis  of the Cyclopropylcarbinyl  Subs t ra tes .  The  

cyclopropylcarbinyl substrates 3a-9a and 3b-6b were pre- 
pared by the routes shown in Scheme 11. The stereochemistry 
of the substrates is a consequence of the  selective saponifi- 
cation of the diesters la]' and 1 b1:j to the crystalline exo mo- 
noacids 2a"h and 2b, respectively. Conversion of 2a to  hy- 
droxy ester 3a was originally carried out by sodium borohy- 
dride reduction of the derived acid chloride;8 this conversion 
has  been carried out in higher yields (and greater reproduc- 
ibility) by sodium borohydride reduction (if the  derived car- 
bonate.l4 

R e a r r a n g e m e n t s  of S a t u r a t e d  Subs t ra tes .  We have 
studied the solvolytic, acid-catalyzed, and silver ion induced 
rearrangements of the cyclopropylcarbinyl substrates 3a-9a 
under a variety of conditions, and have isolated the cis-fused 
tr-methylene-y-butyrolactone 10 from a variety of these re- 
actions in good to high yields and purities. The  cis ring fusion 
was assigned by comparison of the IR and NMR spectra of 10 
with published values for this compound1:' and tor the anal- 
ogous trans lactone 14,1,; and b y  comparison ivith an inde- 
pendently prepared sample of 14. The best conditions f'or the  

W) 14 

preparation of 10 are summarized in Table I. 
Solvolysis of the mesylate ester i a  in acetic acid or acetic 

acid/potassium acetate gave a mixture of the tu-methylene 
lactone 10, the homoallylic acetate 11, the cycloprop3lcarbinyl 
acetate 12, and the diene 1316 (see Scheme 111). For compari- 
son, literature results on a related system lacking the COZEt 
group are included in Scheme III.J;sl~ Solvolysis of 5a in the 
less nucleophilic medium trifluoroacetic acid proceeded more 
rapidly to  give a mixture containing lactone 10 in somewhat 
greater amounts. This mixture was not characterized in de- 
tail. 

Heating solutions of mesylate ester 5a in dry aprotic sol- 
vents (dioxane, ethylene dichloride, acetonitrile) resulted in 
product mixtures consisting predominantly of diene 13 and 
lactone 10, with diene predominating over lactone (by VPC). 
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Scheme 111 

5a 10 11 12 13 
conditions percentage of product by VPC 

HOAc, KOhc,  RT, 1 2  h 26 
HOAc, RT, 1 2  h 30 
HOAc, 80 "(2, 3 h 36 

34 
28 
3 0  

1 2  24 
6 3 0  
4 21 

65%a 2 2%0 
62%b 34%b 4% b 

a Reference 17a (yield of corresponding alcohol after LiAIH, treatment). h Reference 17b. 

T h e  rearrangement in dioxane was examined in detail. T h e  
addition of small amounts of water t o  the reaction mixture 
caused the lactone to  predominate over the diene (for mech- 
anistic rationale, see Discussion section); the addition of 
LiC104 also favored the lactone (to a smaller extent).lg T h e  
remaining diene could be easily removed by a simple column 
chromatography. and lactone 10 was isolated in 68% yield (see 
Table  I).16 

T h e  possibility of using the hydroxy ester 3a directly as a 
substrate was initially examined under very harsh conditions. 
Treatment  of :la with 48%) HBr and ZnBr2 (EtOH, 100 "C, 6 
h)  gave a mixture of products containing lactone 10.8,20 
Treatment  of 3a with concentrated H#04 (ice temperature, 
2 h)  gave a 50% yield of 10 after chromatography.20s21 We were 
eventually able to  effect rearrangement of hydroxy ester 3a 
to lactone 10 under somewhat milder conditions (HC104 in 
. dioxane), which bear some similarity to those used successfully 
with the mesylnte ester 5a. The only significant byproduct was 
the diene 13, which again was easily removed by column 
chromatography, giving the lactone 10 in fi7% yield (see Table 
I ) .  

Table I. Rearrangements Forming Lactone 10 

3a-7a 10 

isolated 
yield VPC 

sub- of purity 
strate conditions 10, "0 of 10, '% 

3a 
d a b  
da 
5 a 
6a 

6a 
7a 
7a 

HCIO?, dioxane, reflux. 5 h 
HCI04, dioxane, 75 "C, 1.5 h 

67 

84 
68 
74d 

63d 
81d 
64d 

r- 
I 1  

CFICOLH, 40 "C. 91 h 
LiCI04, dioxane,' 80 "C, 4 h 
AgClO?, H$, dioxane, RT. 4 h; Gt5 

AgC104, HlO, DME, RT, 6 h 
AgCIOd, H20, dioxane, RT, 6 h 
AgC104, HLO, ether, -78 "C, 7 h 

"C. 2 h 

98.4O 
97 
90 

> 99 
>99 

>99 
>99 

97.4 

( I  Traces of trans lactone 11 were observed in the NMR spectra. 
Other conditions (e.g., TsOH, benzene, 70 "C. 2 h; and HzS04, 

benzene, 10 "C. 2 hj  caused the conversion of 4a to 10 in slightly 
lower yields and purity. Replacement of dioxane by other ether 
solvents (dimethoxyethane, diethyl ether) resulted in similar 
rearrangements in which 10 was a slightly smaller proportion of 
the crude product. If Overall yield from hydroxy ester 3a. 

I t  was anticipated tha t  formation of byproducts in these 
rearrangements might be minimized by use of substrates 
having a more nucleophilic neighboring group. Therefore, 
rearrangements of hydroxy acid 4a were examined. A variety 
of acidic reagents were found to  effect the conversion of 4a to  
the lactone 10. Under many conditions, the bridged lactone 
15" was found to  be a byproduct. When 4a was treated with 
concentrated sulfuric acid a t  10 "C, lactone 15 accounted for 

4a 15 (22%) 
22% of the product mixture. Formation of 15 was minimized 
by the use of milder conditions, and under some conditions 
fairly pure lactone 10 could be isolated by simple evaporative 
distillation of the crude reaction product (see Table I). For- 
mation of bridged lactone 15 was generally not a problem with 
the other substrates (having an ester neighboring group). 
However, in the reaction (above) of hydroxy ester 3a with 
H2S04, a small amount (about 5%) of 15 was detected in the  
NMR spectrum of the crude reaction product (as well as  in a 
chromatography fraction). 

T o  find yet milder conditions for effecting these rear- 
rangements, we have investigated silver ion induced reactions. 
We first investigated the reactions of methyl ethers 8a and 9a 
with silver perchlorate, as silver ion has been reported t o  
promote rearrangements of cyclopropylcarbinyl ethers.lJ 
Under some conditions, lactone 10 was obtained in fair to  good 
yields,8 but the reactions were not always reproducible.24 We 
then turned our attention to  silver ion induced rearrange- 
ments of the halo esters 6a and 7a. 

We found that the reactions of both bromo ester 6a and iodo 
ester 7a with silver perchlorate proceeded smoothly under 
several sets of conditions to give the lactone 10 together with 
the diene 13. As in the solvolytic rearrangements of the  
mesylate ester 5a, the  addition of small amounts of water to  
the reaction mixtures increased the proportion of lactone in 
the crude product. (The addition of LiC104 had little effect.) 
The  diene was easily removed as  before by a simple column 
chromatography. Lactone 10 could be isolated in 70-80% 
overall yields from hydroxy ester 3a (see Table I). 

Rearrangements of Unsaturated Substrates. We have 
examined the solvolytic, acid-catalyzed, and silver ion induced 
rearrangements of the unsaturated cyclopropylcarbinyl 
substrates 3b-6b under a number of conditions similar t o  
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Table 11. Rearrangements Forming Lactone 16 Scheme IV 

3b-6b 16 

isolated VPC 
yield of purity 

substrate conditions 16,% of 16," Yo 

3b HC104, dioxane. 70 "C, 3.5 h 69 > 90 

Ib CF:$C)?H. dioxane, 62-64 "C, 72 >99 
4b HC104, dioxane. 85-90 "C. 1.5 h 75 96.5 

121 h 
I b  TsOH. benzene, 89-90 "C, 2 h 89 95.8 
5b LiClO.,, HnO, dioxane. 100 "C, 2 63h 98 

h 
6b AgC104, H20, dioxane, RT, 6.5 h 87 91 

Traces of tr,ms lactone 1 P  were observed by VPC in some 
of the products: first entry (-2%), second entry (l.l%), fourth 
entry (4.2%), fifth entry I <I%), sixth entry (1.8%). Overall yield 
from hydroxy ester 3b. 

those used successfully for the saturated substrates 3a-7a. 
T h e  tu-methylene lactone 16 was isolated in  very good yields 
under a variety of conditions (see Table 11) with only a simple 
(evaporative) distillation necessary for purification in most 
cases.' In these reactions, no significant byproducts were 
identified. The  ring fusion in 16 was assigned cis stereo- 
chemistry by comparison of the  IR and NMR spectra of 16 
with those of an authentic sample.;x 

Isolation of lactone 16 from the rearrangement reactions 
demonstrates that  the regiochemistry of the  rearrangements 
is directed by a suitably placed double bond.26 The  double 
bond also enhances the rearrangement reactions. A compar- 
ison of the reactions of hydroxy esters 3a and 3b with HC104 
in dioxane (70 "C, same oil bath) showed tha t  the rearrange- 
ment of 3b to  16 was about two to three times faster than the 
corresponding rearrangement of 3a to  10. 

Discussion 
Although neighboring group participation in solvolytic 

reactions is well known, few examples have been reported in 
rearrangements of cyclopropylcarbinyl derivativesz8 T h e  
major effect of neighboring group participation in our system 
appears to be the predominance of cis lactone  product^.'^ This 
result can be accounted for by the mechanistic rationale shown 
(for the saturated cases) in Scheme IV. This  scheme also ac- 
counts for (1) the  increase in lactone product when small 
amounts of water are added to the reaction mixtures (when 
K # H) and (2)  the occasional formation of small amounts of 
the bridged lactone 15 as a byproduct (especially when R = 
H!:'" 

In the interesi: of preparing trans-fused lactones, a number 
of rearrangement react ions in the presence of larger amounts 
of water and in the presence of KOAc were carried out. We 
hoped that trans homoallylic products (such as acetate 11) 
could be made to  predominate and that  these would be con- 
vertible to  trans lactones. Under some conditions, trans lac- 
tones and/or products believed to be trans homoallylic alco- 
hols or acetates were formed, but the reactions were not clean. 
When a trans lactone was formed, the product mixture in- 
variably contained a considerable amount of cis lactone as  
well. In many cases. unrearranged cyclopropylcarbinyl de- 
rivatives accounted for a considerable portion of the product 
mixture, indicating a limitation to the utility of increasing the 
nucleophilicity of the  reaction medium. 

Several a t tempts  were made to prepare an epimeric cyclo- 
propylcarbinyl substrate (Le., exo C02R, endo CH2X) in order 

3a, 5a-7a (R  = Et )  
4a ( R = H )  

1 
solvent 

H2O 

13 

il dxoR - H,O 15 

19 

t o  determine the effect of substrate stereochemistry on the 
rearrangements,31 but  we were unable to  prepare a sufficient 
amount of such a substrate to study this question.:'? We have 
given little attention to  alternate methods of preparing the 
cyclopropylcarbinyl substrates; a number of other routes can 
be envisioned. Moreover, since homoallyl derivatives can be 
obtained from cyclobutyl as well as cyclopropylcarbinyl der- 
ivatives,YJSc,33 cyclobutyl substrates might similarly be useful 
precursors to  a-methylene-? -butyrolactones. 

This  work demonstrates that  a-methylene-y-butyrolac- 
tones can be prepared in high yields from rearrangements of 
cyclopropylcarbinyl substrates. T h e  mild conditions under 
which the rearrangements occur and the fact tha t  a choice of 
different reaction conditions is available suggest that  these 
reactions would be compatible with a number of functional 
groups. I t  is of particular interest that  the rearrangements of 
a n  unsymmetrical substrate can be directed by a suitably 
placed double bond to give an unsaturated lactone (16) of type 
B (see introduction) as a product. We are currently investi- 
gating the possibility of directing this rearrangement by other 
nearby functional groups, with a view toward preparing I Y -  

methylene lactones of type A. 

Experimental Section 
General. All reactions were carried ou t  under a nitrogen atmo- 

sphere. All transfers of liquids were accomplished wi th  nitrogen- 
flushed syringes. The verb "concentrated" refers to the evaporation 
of solvent under reduced pressure (water aspirator! using a rotary 
evaporator. The term "evaporative distillation" refers to a short-path 
(bulb-to-bulb! distillation in a Kugelrohr apparatus under oil pump 
vacuum. The temperature following in parentheses refers to  the oven 
temperature. 

Melting points were determined on a Fisher-Johns hot stage 
melting point apparatus or  on a Thomas Hoover capillary melting 
point apparatus. Infrared (IR) spectra were obtained using a Per- 
kin-Elmer Infracord Model 137 spectrometer. Proton nuclear mag-  
netic resonance (NMR) spectra were obtained using a Varian T-60 
spectrometer. Chemical shifts were measured in parts per million ( 6 )  
relative to tetramethylsilane (0.00) as an internal reference. Mass 
spectra were obtained using a Hitachi Perkin-Elmer Model RMLI-7E 
instrument. Vapor phase chromatographic ( Y P C )  analyses were 
performed on  a Varian Aerograph Model 90-P instrument using he- 
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lium a s  the carrier gas a t  the column temperature indicated;34 the  
retention time of a hydrocarbon standard under the  given conditions 
is included. For VPC peaks, the retention time is given in minutes 
relative to  tha t  of air, followed by percentage of the total peak area, 
and where possible the probable assignment. Elemental analyses were 
performed by Micro-Tech Laboratories, Skokie, Ill. 

Mater ia ls .  Commercially available compounds were used without 
further purification unless otherwise noted. Ether (as reaction solvent) 
and tetrahydrofuran (THF) were distilled from sodium and benzo- 
phenone. Benzene was obtained as  the  last half of the distillation of 
benzene. Dimethoxyethane (DME) was distilled from LiAlH4. Di- 
oxane was distilled frotn CaH2 unless otherwise noted. Acetone was 
distilled from CaS04. Pentane was obtained by stirring petroleum 
ether (30-60 "C) with concentrated H2S04, drying over K2C03, and 
distilling; the fraction having a boiling point less than 41.5 "C was 
used. Ether  (for reaction workups), methylene chloride, meth- 
anesulfonyl chloride, ethyl chloroformate, and methyl chloroformate 
were distilled. Triethylamine was distilled from CaH2. T h e  diester 
la12 was prepared from cyclohexene and diethyl diazomalonate by 
the  procedure of Peace and Wulfman.13c T h e  acid ester 2a was pre- 
pared by saponification of la with 1.2 equiv of KOH in aqueous eth-  
anol as  reported."h An authentic sample of the trans lactone 14 was 
prepared as  described by G r i e c ~ . ~ a  LiC104 and AgC104 were obtained 
from Alfa Inorganics; the latter was stored in a desiccator under ni- 
trogen. 

exo-7-(Hydroxymethyl)-endo-7-(carbethoxy)norcarane (3a). 
Sodium hydride (0.2 g of a 57% dispersion in oil, 5 mmol) was washed 
with pentane (3  X 5 mL); the washing liquids were removed by pipet. 
T o  the  residue was added 40 m L  of THF and 0.484 g (2.28 mmol) of 
acid ester 2a,12t' and the resulting mixture was stirred a t  room tem- 
perature for 5 min. Ethyl chloroformate (0.24 mL, 2.5 mmol) was 
added, and the mixture was stirred a t  room temperature for 2 h.14 
Then 0.6 g (16 mmol) of sodium borohydride was added, and the 
mixture was stirred for an additional 6.5 h. The resulting mixture was 
slowly added to a cold buffer solution (6.8 g (39 mmol) of K2HP04 and 
5.8 g (43 mmol) of KHZPO4 in 150 mL of water) and stirred for 20 min. 
T h e  solution was acidified to pH 1, diluted with 300 m L  of water to 
dissolve the  salts, and then extracted with four 30-mL portions of 
methylene chloride and with 15 mL of ether. The  combined organic 
extracts were washed with 15 mL of saturated NaHC03, dried 
(MgSOd), concentrated, and evaporatively distilled (170 "C), giving 
0.396 g (88Oh) of'hydroxy ester 3a as a colorless liquid: IR (film) 2.9, 
3.4, 5.80, 7.31, 8.50, 9.0, 9.75 l m ;  N M R  (CC14) 6 1.28 (t,  J = 7 Hz) 
overlapping with 1.0-1.55 (br)  (total 9 H) ,  1.55-2.1 (br, 4 H ) ,  3.08 (br 
s, 1 H,  OH) ,  3.40 is. 2 Hi,  4.20 (4, J = 7 Hz, 2 H);  mass spectrum, m/e 
(re1 intensity) 198 (M+, 33), 180 (361,153 (61), 152 (loo), 134 (75), 107 
(85i, 106 (74) ,  79 (98). \'PC analysis"4a (155 'c, C&34 = 3.0 min) 
showed the major peak a t  2.4 min. 

Hydroxy ester 3a was also prepared in lower yield by conversion 
of acid ester 2a to the acid chloride (oxalyl chloride, benzene, 25 "C, 
4 h )  followed bs reduction (NaBH4, T H F ,  reflux 1 h, room tempera- 
ture, 16 h) .  Preparative L'PC followed by evaporative distillation 
yielded an anal:,.tical sample. Anal. Calcd for CllHlsO:~: C, 66.64; H. 
9.15. Found: C,  66.65; H,  9.34. 
exo-7-( Hydroxymethyl)-endo-7-carboxynorcarane (4a). T o  

a stirred solution of0.9 i 1  g (4.72 mmol) of hydroxy ester 3a in 80 mL 
of ethanol/water (1:l) 'was added 1.6 g (40 mmol) of NaOH. The  re- 
sulting mixture was heated a t  reflux for 11 h ,  cooled, neutralized, and 
added to 50 mI, of saturated NaHC03. T h e  basic solution was ex- 
tracted with melhylene chloride and ether, and the organic layers were 
discarded. The  aqueous layers were acidified to p H  1 and extracted 
with five portions of methylene chloride and one portion of ether. The 
combined organic extracts were dried (&SO4), concentrated, and 
recrystallized from her:ane/CC14 (5 : l )  to give 0.670 g (83%) of white 
crystals: m p  86.5-87.5 " C :  IR (CHCI:,) 2.8--4.2, 5.88, 6.96, 7.20, 9.60, 
9.80~m;NMR~CDC1~~~61.0-2.2(10H),3.~57(s,2H),7.18(s,2H,OH). 
A sample of 4a from a similar experiment was recrystallized four times 
from hexaneiCCl.,, giving white crystals: mp 87-87.5 "C; mass spec- 
trum. m/c. ire1 intensity) 152 (M+ - H20, 1001,124 (53), 110 (45), 107 
( 9 2 ) , 9 1  (461, 79 (84) .  67 (86). Anal. Calcd for CgH14O:l: C, 63.51; H,  
8.29. Found: C ,  6:1..59; H,  8.26. 

Mesylate  of exo-7-(Hydroxymethyl)-endo-7-(carbethoxy)- 
n o r c a r a n e  (5a) .  To a stirred solution of 1.069 g (5.39 mmol) of hy- 
droxy ester 3a in 40 mL of methylene chloride was added 1.15 m L  
(0.84 g, 8.3 mmol) of triethylamine,:'" and the  solution was cooled in 
an ice bath for 15 min. T o  the resulting solution was added 0.50 m L  
(C.71 g, 6.6 mmoli of methanesulfonyl chloride dropwise. The  resulting 
mixture was stirred a t  0 "C for 46 min and then diluted with 150 m L  
ot' cold methylene chloride and washed successively with 40-mL 
portions of cold water, 10% HCI, saturated NaHCO:j, and saturated 
NaCI. The  organic layer was dried (MgSO?, cooled in an ice ba th) ,  

concentrated, and placed under oil pump vacuum for 1 h a t  0 "C, 
giving 1.521 g (102%) of mesylate ester 5a as a yellow liquid: IR (film) 
3.4, 5.79, 7.41, 8.50, 10.7, 12.3 pm; N M R  (CC14) 6 1.30 ( t ,  J = 'i Hz) 
overlapping with 1.1-2.2 (total 13 H), 2.93 (s, 3 H) ,  3.37 (m, 0.5 H,  
impurity), 4.12 (s) overlapping with 4.20 (q, J = 7 Hz) (total 4 H). The 
mesylate ester 5a  was stable in the freezer for a t  least several weeks. 
However, a t  room temperature i t  decomposed completely in about  
1 day, and it was unstable to VPC analysis. 
exo-7-(Bromomethyl)-endo-7-(carbethoxy)norcarane (6a). 

T o  a solution of 620 mg (2.24 mmol) of mesylate ester 5a36 in 15 m L  
of acetone was added 550 mg (6.3 mmol) of lithium bromide. T h e  re- 
sulting solution was stirred a t  room temperature (precipitate forms) 
for 6.5 h and then added to 75 mL of saturated NaCl and worked up.37 
T h e  crude product was placed under oil pump vacuum for 1.5 h ,  
leaving 588 mg (100%) of bromo ester 6a as  a pale yellow liquid: IR 
(film) 3.4, 5.79, 8.20, 8.50 pm; N M R  (CDC13) 6 1.32 ( t ,  J = 7 Hz) 
overlapping with 1.0-2.2 (total 13 H), 3.43 (s. 2 H ) ,  4.23 (4, J = 7 Hz, 
2 H).  VPC a n a l y ~ i s 3 ~ ~  (170 "C, C16H34 = 8.4 min) showed the major 
peak a t  13.7 min. Bromo ester 6a  was normally stored in the freez- 
er. 
exo-7-(Iodomethyl)-endo-7-(carbethoxy)norcarane (7a). To 

a solution of 634 mg (2.29 mmol) of mesylate ester 5a36 in 15 m L  of 
acetone was added 701 mg (4.68 mmol) of sodium iodide. The resulting 
yellow solution was stirred a t  room temperature (precipitate forms) 
for 6 h a n d  then added to 75 mL of saturated NaCl and worked up.:37 
The crude product was placed under oil pump vacuum for 1 h a t  0 "C, 
leaving 726 mg (103%) of iodo ester 7a as a n  amber liquid: IR (film) 
3.4,5.78,8.42,8.50 pm; N M R  (CDC13) 6 1.32 ( t ,  J = 7 Hzi overlapping 
with 1.0-2.2 (total 13 H),  3.33 (s, 2 H ) ,  3.50 (q ,  J = 7 Hz? 0.3 H ,  im- 
purity), 4.26 (4, J = 7 Hz, 2 H ) .  T h e  iodo ester 7a was stable in the 
freezer for a t  least several weeks. However, it turned black if left a t  
room temperature for several hours. and it was unstable to  VPC 
analysis. 
exo-7-(Methoxymethyl)-endo-7-(carbethoxy)norcarane (sa) .  

Sodium hydride (0.6 g of a 57% dispersion in oil, 14 mmol) was washed 
with pentane three times. T o  the  residue was added 40 mL of T H F  
and 0.455 g (2.30 mmol) of hydroxy ester 3a. T h e  resulting mixture 
was stirred for 15 min, and 0.35 mL (0.80 g, 5.62 mmol) of iodomethane 
was added. After stirring for an additional 5 h, the mixture was added 
to methylene chloride overlaid with water. The layers were separated, 
and the aqueous layer was extracted twice with methylene chloride 
and with ether. The  combined organic layers were dried (MgSOd), 
concentrated, and evaporatively distilled (155 "C) to give 0.429 g (8SOh) 
of methyl ether ester 8a as  a colorless liquid: IR (film) 3.4,5.80,8,51, 
9.1 pm; NMR (CCl4) 6 1.28 ( t ,  J = 7 Hz) overlapping with 1.0-2.0 (total 
13 H) ,  3.24 (C0zCH:J overlapping with 3.30 (CHgO) (total 5 Hi ,  4.15 
( q , J  = 7 Hz, 2 H). VPC analysis"4a (130 "C, C1->H;jg = 3.1 mini showed 
the major peak a t  2.6 min (99% of peak area). A sample of 8a from a 
separate experiment had mass spectrum mle 212 (M+), 181,180,167. 
152, 135, 134, 107, and 79. Preparative VPC followed by evaporative 
distillation yielded a n  analytical sample. Anal. Calcd for Cl?Hg(lO:i: 
C, 67.88; H,  9.50. Found: C, 67.69; H,  9.73. 

exo-7-(Methoxymethyl)-endo-7-carboxynorcarane (9a). 'To 
a solution of 0.694 g (3.27 mmol) of methyl ether ester 8a in 85 mL of 
95% ethanol was added 4.2 g (64 mmol) of KOH (85%) in 75 mL of 
water. The mixture was heated at  reflux for 54 h. cooled. added to 250 
mL of water, and extracted with ether. The ether layer \vas discarded. 
The  aqueous layer was acidified to pH 1 and extracted with ether (:i 
X 50 mL)  and methylene chloride (5 X 30 m L ) .  The  organic layers 
were combined, dried (MgSOh), and concentrated to give a white solid. 
Recrystallization from hexane gave 0.515 g (86'~)) of methyl ether acid 
9a as  white crystals: mp 67.5-68.5 "C: IK (CC14) 3.0-4.0. 5.86. 6.91. 
7.06, 8.36, 8.97, 9.10 pin; NMK iCC14) 6 1.0-2.1 (10 Hi. :3.:32 ( r H , { O i  
overlapping with :3.40 (CH2O) (total 5 H) ,  11.9 IS. 1 HI: ma 
trum,,'3s m / t  166 (M+ - H?O), 152. 107,79. The product ot a separate 
experiment was recrystallized from pentane to  give an analytical 
sample, m p  64.5-6.5 " C .  Anal. Calcd for Cl,,Hl,;O,t: (', 65.19: H.  8.76. 
Found: C, 65.43: H,  8.76. 

Rearrangement  of 5a in HOAc. A solution of279 mg i 1.01 mmol! 
of mesylate ester 5a  in 5 mL of acetic acid was stirred at  room tem- 
perature for 12 h and then added to cold saturated NaHCO:I overlaid 
with ether and worked up.,i7 The crude product was evaporatively 
distilled (155 "C) to give 186 mg of liquid.;Q YPC analysis,'.ll' (166 " C .  
C I G H : ~ ~  = 10.6 min) showed major peaks a t  4.0 (29.9"oi. 8.1 (30.3%). 
14.0 (27.8%), and 17.2 min (5.5%). A reaction carried (Jut in the pres- 
ence of KOAc (269 mg of 5a, 5 m t  of HOAc, 275 mg of KOAc. 12 h a t  
room temperature) similarly yielded 189 mg of product,'9 having major 
components a t  the above retention times in respective YPC area ratios 
of 24.3, 25.5, 33.5, and 12.0%. The  products were combined. and the 
major components were isolated by preparative VPC. 

T h e  first component was identified as diene I J  by comparison of 
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its IR and NMR spectra with those of a n  authentic sample.I6 T h e  
mass spectrum40 showed m/e 180 ( M f ) ,  152, 134, 107, 106, 105, 91, 
and 79. 

T h e  second component was identified as  a-methylene lactone 10 
by comparison of its IR and NMR spectra with those reported by 
Marshall.I5 

T h e  third component was identified as  homoallylic acetate 1 1  from 
the following data: IR (film) 3.4,5.74,5.82,6.16,7.32,7.87,8.08,8.68, 
9.67 pm; N M R  (CDC13) 6 1.1-2.3 (br) overlapping with 1.30 ( t ,  J = 7 
Hz) and  1.94 (CH3CO) (total 14 H),  2.4-3.0 (br m,  1 H), 4.08 (4, J = 
7 Hz, 2 H ) ,  4.6-5.2 (br  m ,  1 H ) ,  5.58 (s, 1 H) ,  6.20 (s, 1 H);  mass spec- 
t r ~ m , ~ ~  m / e  (re1 intensity) 240 (Mt ,  41,198 (38), 180 (1001,153 (611, 
152 (as), 151 (73), 134 (57), 124 (68), 107 (43). Evaporative distillation 
yielded a n  analytical sample.40 Anal. Calcd for C13H2004: C,  64.98; 
H ,  8.39. Found: C, 65.35; H, 8.93. 

T h e  fourth component was identified as  acetate 12 from the fol- 
lowing data: IR (film) 3.4,5.74,7.34,8.15,8.50,9.75 wn; NMR (CDCl:{) 
6 1.0-1.6 (br)  overlapping with 1.28 (t, J = 7 Hz) (total 9 H) ,  1.6-2.2 
(br) overlapping with 2.05 (CH3CO) (total 7 H) ,  4.08 (s) overlapping 
with 4.22 (4, J = 7 Hz) (total 4 H) ;  mass spectrum,40 m/e (re1 inten- 
sity) 240 (M+, 3) ,  195 (33) ,  181 (79), 180 (loo), 152 (83), 151 (621,135 
(69), 134 (67), 107 (88), 106 (55), 79 (62). T h e  IR and NMR spectra 
corresponded to  those of an independently prepared sample (0.121 
g of hydroxy ester 3a, 8 m L  of pyridine, 4 m L  of acetic anhydride, 1 
h a t  100 "C and then room temperature for 14 h). Preparative VPC 
followed by evaporative distillation yielded an analytical sample. Anal. 
Calcd for C13HzOO4: C, 64.98; H ,  8.39. Found: C, 65.00; H ,  8.66. 

R e a r r a n g e m e n t  of 4a i n  HzS04. Isolat ion of Bridged  Lac tone  
15. A solution of 142 mg 10.84 mmol) of hydroxy acid 4a in 5 mL of 
concentrated sull'uric acid was stirred at  10 "C for 1 h. The  resulting 
mixture was pawed into cold water and extracted with five portions 
of  ether. T h e  combined ether extracts were washed with saturated 
NaHCO:3, and  the aqueous phase was extracted with ether. T h e  
combined organic layers were dried (MgSOd), concentrated, and 
evaporatively distilled (160 "C) to give 132 mg of a colorless liquid.:3g 
VPC analysis34h (160 "C, C I G H : ~ ~  = 6.7 rnin) showed two major peaks 
at  6.2 (76.5%) and 7.6 rnin ( 2 2 O 6 ) .  The two major components were 
isolated by preparative VPC. 

T h e  first component was identified as  tu-methylene lactone 10 by 
its IR and NMR spectra. T h e  mass spectrum showed m/e  (re1 inten- 
sity) 152 (M+,  291. 124 (loo), 123 (39) ,95 (56), and 67 (48). 

The  second component was identified as  the bridged lactone 15 by 
comparison of it$, IR and NMR spectra with those of an authentic 
sample.22 The  m a s  spectrum showed rnle (re1 intensity) 152 (M+, 
loo), 124 (48), 95 (36), 81 (421, and 67 (34). 

P r e p a r a t i o n  of a-Methylene  Lac tone  10. (a) R e a r r a n g e m e n t  
of 3a i n  HClOd/Dioxane. To a solution of 225 mg (1.13 mmol) of 
hydroxy ester 3a in 5 mL, of dioxane was added 5 drops of perchloric 
acid i6l0/o). The ri:action mixture was heated at  reflux for 5 h ,  cooled, 
added to 50 mI, c f saturar~ed NaHCO.3. and worked up.'" The  crude 
product was ~ h r o m a t o g r a p h e d ~ ~  and evaporativelv distilled (155 "C) 
to give 116 mg (67%) of 10 as a colorless liquid,42 L'PC analysis:'4h (155 
"C. CI5H,<Z = 8.5 min)  snowed the major peak at  9.8 min (98.4% of 
peak area). 

In a similar experiment (211 mg of :la, ,5 mL ofdioxane, 7 drops of 
HCI04,  75 "C. 3.5 hi. the  crude product was evaporatively distilled 
to  give 170 mg of' 3 colorle.;s liquid having IR and N M R  spectra con- 
sistent with a mixture of' 10 and the diene 13. VPC' (150 
'C, Cl-,H,t2 = 6.8 niin) showed t u o  major peaks a t  4.2 i25%. 13) and 
8.8 min 172%, 10) 

(b)  R e a r r a n g e m e n t  of l a  in  HCIOJDioxane.  T o  a solution of 
254 mg (1.49 mmcll) of'hydroxy acid l a  in 7 mL of dioxane was added 
5 drops ofperchlcsric acid (6l%i.  The  reaction mixture was heated at  
i:) C tor 1.5 h. cooled. and added to 25 mI, of saturated NaHCO:'. The  
resulting mixture was worked up,37 and the crude product was 
evaporatively distilled ( 1  55 "C) to give 176 mg (77?6) of 10 as  a col- 
orless liquid.42 VPC analysis"4b (160 "C, CljH32 = 6.2 min) showed 
peaks a t  7.8 (97.1%. 10) and 9.2 min (2.1%, 15). 

(c )  Rear rangement  of l a  in  CF:,C02H. A solution of 164 mg (0.96 
inmol) of h y d r o x ~  acid la i n  5 mL of tritluoroacetic acid was heated 
a t  40 " C  for 91 h. The  resulting mixture was cooled and added to 75 
mL ot'saturated KaHCO 3 overlaid with ether and then worked up.:" 
The  crude product was evaporatively distilled (155 "C)  to give 123  
mg (84%) of 10 as ,3 pale yellow liquid. 'The IR and NMR spectra were 
similar to those c.f 10 isolated above by preparative VPC. A small 
doublet a t  6 6.49 in the NMR spectrum suggested the presence of 
hridged lactone 15. YPC analysis:"h (140 " C ,  C15H.c~ = 7.0 min) 
showed two major peaks a t  8.6 189.8%. 10) and 10.4 min (6.7'%, 15). 

(d) Rearrangement  of 5a in LiCIOA/HzO/Dioxane. To a solution 
of264 mg (0.96 mrnol) of mesylate ester 5a44 in 5 m1, ofdioxane was 
added 24 mg (1.3:j inmoll vfwater and 294 mg 12.76 mmol) of  LiC104. 

-r  0 

T h e  resulting mixture was heated a t  80 "C for 4 h, cooled, and added 
to saturated NaHC03. T h e  resulting mixture was worked up,4I and  
the crude product was c h r o m a t ~ g r a p h e d ~ ~  and evaporatively distilled 
(155 "C) to give 100 mg (68% from 3a) of 10 as  a colorless VPC 
analysis34b (165 "C, ClbH32  = 5.8 min) showed a single peak a t  8.2 
min. 

In a separate (preliminary) experiment (94 mg of 5a, 1.0 m L  of di- 
oxane, 25 mg of water, 71 mg of LiC104,3 h a t  80 "C), VPC analysis34b 
(150 "C) of the  crude product showed two major peaks a t  5.4 (27%, 
13) and 11.7 min (71%, 10). 

(e )  R e a r r a n g e m e n t  of 6a  i n  AgClOd/Water /Dioxane.  To a so- 
lution of 270 mg (1.03 mmol) of bromo ester 6a  (from preparation 
described above) in 10 mL of dioxane was added 23 mg (1.28 mmol) 
of water and 360 mg (1.74 mmol) of AgC104. The  reaction mixture was 
stirred for 4 h a t  room temperature (precipitate forms) and for 2 h a t  
65 "C, and then was cooled, added to  aqueous NaCl/NaHCOS, and  
worked  UP.^^ T h e  crude product was chromatographed4* and evap- 
oratively distilled (155 "C) to give 118 mg (74% from 3a) of 10 as a pale 
yellow liquid.43 VPC analysis34b (170 "C, C I ~ H ~ Z  = 7.0 min) showed 
a single peak a t  10.0 min. 

In a separate (preliminary) experiment (46 mg of 6a, 5 m L  of di- 
oxane, 12 mg of HzO, 170 mg of AgC104,4 h a t  room temperature and 
3 h a t  55 "C), VPC analysis34b (165 "C, C ~ ~ H : Q  = 4.2 rnin) of the crude 
product showed two major peaks a t  2.9 (22%, 13) and 6.0 min (65%, 
10). 

(f)  Rearrangement  of 6a in  AgClOd/Water/DME. T o  a solution 
of 261 mg (1.00 mmol) of bromo ester 6a  (from preparation described 
above) in 10 mL of DME was added 21 mg (1.17 mmol) of water and 
461 mg (2.22 mmol) of AgClO4. T h e  reaction mixture was stirred a t  
room temperature for 6 h (precipitate forms) and then added to 
aqueous NaCI/NaHCO:i. The  resulting mixture was worked up,37 and 
the crude product was ~ h r o m a t o g r a p h e d ~ ~  and evaporatively distilled 
(155 "C) to  give 97 mg (63% from 3a) of 10 as a colorless liquid.43 VPC 
a n a l y ~ i s 3 * ~  (170 "C, C15H32 = 7.0 min) showed a single peak a t  9.7 
min. 

In a separate (preliminary) experiment (272 mg of AgC104,5 m L  
of DME, 17 mg of H 2 0 , 6  mg of CI:jH?a (internal s tandard) ,  51  mg of 
6a, 5 h a t  room temperature), VPC analysis:'4b (165 "C) of the  crude 
product showed the standard peak a t  2.6 rnin and two major peaks 
a t  4.1 (16%, 13) and 8.5 min (7390, 10). 

(9) R e a r r a n g e m e n t  of 7a i n  AgClOA/Water/Dioxane. To a 
solution of 313 mg (1.02 mmoli of iodo ester 7a (from preparation 
described above) in 10 mL of dioxane was added 22 mg (1.22 mmol) 
of water and 421 mg (2.03 mmol) of AgClO4. The reaction mixture was 
stirred for 6 h a t  room temperature (precipitate forms) and then added 
to 75 mL of aqueous NaCI/NaHCO:j. The  resulting mixture was 
worked up,,37 and the crude product was chromatographed42 and 
evaporatively distilled (155 "C) to give 125 mg (8l"O from 3a) of 10 as  
a pale yellow VPC 1170 'C'. CliH.32 = 3.8 mini 
showed a single peak at  5,; min. 

In a separate (preliminary) experiment (52 mg of 7a, 3 m L  of di- 
oxane, 90 mg of water, 237 mg of AgC104,4.75 h) ,  VPC analysisd4b (165 
" C .  C14H.4,) = 6.3 min) of the crude product showed major peaks at  6.3 
(18Yn, 13) and 13.0 min (76%. 10). The  NMR spectrum was consistent 
with a product mixture containing primarily 10 and 13. 

( h )  R e a r r a n g e m e n t  of 7a in  AgClOd/Water /Ether .  T o  a mix- 
ture of 31 1 mg (1.01 mmol) of iodo ester 7a, 10 mL of ether, and 20 mg 
(1 .1  mmol) of water cooled in a drv ice/acetone bath was added 440 
mg (2.1 mmol) oi'AgCIO4, and the resulting mixture was stirred at  -78 
"C for 7 h (precipitate forms). The  mixture was added to aqueous 
NaCI/NaHCO:I and worked up,  and the crude product was chro- 
matographed4" and evaporatively distilled (155 O C )  to give 98 mg (64O/O 
t'rom 3a)  of 10 as a clear yellow liquid having 1R and NMK spectra 
similar to those of 10 isolated above by preparative VPC. VPC ana-  
lysis,"Jh (170 "C, Cl-,H:V? = 4.0 mini showed one major peak a t  5.8 min 
(97.4%, 10). 
exo-7-Carboxy-endo-7-(carbomethoxy)-2-norcarene (2b). 

T o  a solution 0 1  10.075 g (48.0 mmol) of diester lb':' in 140 mL of 
methanol was added 4.40 g (67 mmol) of' potassium hydroxide (SS0/,i 
in 50 ml, of water over a period of 20 min. The resulting solution was 
stirred a t  room temperature for 24 \ a n d  then diluted with 25 m L  of 
water and washed with methylene chloride (4  X 25 mL).  The  com- 
hined organic layers were extracted with saturated NaHC0.I ( 2  X 25 
mL) and discarded. The  aqueous layers were combined. acidified to 
pH 1, and extracted with methylene chloride (6 X 20 mL) and ether 
( 3  X 20 mL) .  T h e  combined organic layers were dried (MgS04j  and 
concentrated to give 8.410 g (89%) of white solid: mp 137.5-140 "C; 
IR iCHC1:J 2.8-4.2, 5.7 90, 6.95, 7.51. 7.85, 9.01 pm; NMR (CDCI:{) 
0 1.6-2.4 (6 H ) ,  3.74 (s, 3 H) ,  5.8-6.1 (m, 2 H), 9.4 (s, 1 H).  A portion 
o t  the product was recrystallized from methylene chloride/pentane 
t o  give white crystals: mp 142.5-144.5 "C; mas:: spectrum, rn/r (re1 
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intensity) 196 (hl+, 4), 178 (601,164 (451,146 (loo), 118 (77),  91 (loo), 
79 (64). Anal. Calcd for CloH1204: C, 61.22; H, 6.16. Found: C, 61.08; 
H ,  6.15. 
exo-7- (Hydroxymethyl) - endo-7-( carbomethoxy ) -2-norcarene 

(3b). Using a procedure similar to  tha t  used for the  conversion of 2a 
to 3a, 3.80 g (193  mmoll of acid ester 2b (mp 137-139 "C) was treated 
successively with sodium hydride (43.7 mmol) in 100 mL of T H F ,  1.62 
mL (21 mmol) cf methyl chloroformate in 60 mL of T H F ,  and 4.5 g 
(118 mmol) of sodium borohydride. Workup and distillation as before 
yielded 2.332 g (66%) of the hydroxy ester 3b as a cloudy oil: IR (film) 
2.9, 3.4, 5.78,6.97,8.41, 8.85pm; NMR (CC14) 6 1.0-2.3 (6 H) ,  2.67 (s, 
1 H ,  OH) ,  3.50 (s, 2 H) ,  3.66 (s, 3 H),  5.6-5.9 (2 H).  VPC analysis34h 
(168 " C ,  Cl~H.34 = 7.9 min) showed the major peak a t  7.7 min (98% 
peak area). A portion of the product was further purified by chro- 
matography on Florisil: mass spectrum, m/e (re1 intensity) 182.0964 
(M+,  4)  (calcd for C10H140:3: 182.0943), 164 (221, 132 (661, 105 (671, 

exo-7-(Hydroxymethyl)-endo-7-carboxy-2-norcarene (4b). 
Using a procedure simiiar to  tha t  used for the  conversion of 3a to  4a, 
0.308 g (1.69 mmol) of hydroxy ester 3b was treated with 0.24 g (6.0 
mmol) of NaOH in 20 mL of methanoliwater (1:l). Workup and re- 
crystallization 1 ether/pentane) gave white crystals [0.166 g, m p  
100-101 "C, and 0.026 g, mp 99.5-101 " C  (total yield 67%)]: IR 
(CHC1:j) 2.8-4.1, 5.86 I'M; NMR (CDC1,3)4i 6 1.6-1.8 ( 2  H),  1.9-2.2 (4 

64 (s, 2 H) .  5.85 (Ix s, 2 H ) ,  6.7 ibr s. 2 H,  OH) .  A sample of 4b 
from a similar experiment had mass spectrum mie 168 (M+,  9) ,150 
l19), 132 (86),105 (85), 104 (93) ,90 (67),79 (91), 77 (651, and 72 (100). 
Anal. Calcd for  C9HI:O?: C. 64.27: H, 7.19. Found: C .  64.32; H ,  
7.25. 

Mesylate of exo-7-(Hydroxymethyl)-endo-7-(carbome- 
thoxy)-2-norcarene (5b). Using a procedure similar to that  used for 
the conversion of 3a to :a, 271 mg (1.49 mmol) of hydroxy ester 3b in 
20 mL of methylene chlsxide and 0.31 mL (2.2 mmol) of triethylamine 
was treated with 0.21 mL (2.7 mmol) of' methanesulfonyl chloride. 
After workup, the crude product was used immediately in the fol- 
lowing experiment. A sample of mesylate ester 5b prepared in a similar 
experiment had IR (film) 3.4,5.78,7.40,8.37, and 8.52 pm; the NMR 
(CC14) showed singlets at 6 2.99 (CH:jS03) and 3.68 (C02CH3) and a 
pair of doublets ( J  = 11 Hz) a t  6 4.00 and 4.42 (CH20). 

exo-7-( Bromomethyl)-endo-7-(carbomethoxy)-2-norcarene 
(6b). Using a proceduro similar to that  used for the conversion of 5a 
to 6a, mesylate ester 5b (entire crude product from the above exper- 
iment) was treated with 0.55 g (6.3 mmol) of lithium bromide in 25 
mL of acetone (0 "C for 0.5 h followed by room temperature for 6 hj. 
The  mixture wai added to 30 mL of saturated NaCl and worked up"7 
to give 662 mg o'crude bromo ester 6b, which was used without delay 
in a rearrangement reaction (below). A sample of bromo ester 6b 
prepared in a similar experiment had IR (film) 3.4 and 5.8 pm; the  
NMR45 (CDC13) showed a singlet a t  6 3.67 (C02CH3) overlapping with 
a pair of doublets ( J  = 10.5 Hz) a t  6 3.27 and 3.73 (CH2Br). 

Preparation of a-Methylene Lactone 16. (a )  Rearrangement 
of 3b in HClOa,/Dioxane. Using a procedure similar to that  used for 
the conversion of :la to 10, 298 mg (1.61 mmol) of hydroxy ester 3b was 
treated with 6 drops ofperchloric acid (60--62%) in 12  mL of dioxane 
a t  70  " C  for 3..5 h. The crude product was chromatographed on 20 g 
of Florisil. Elution with :inn ether in methylene chloride yielded two 
fractions containing 16,Ifi 13 (18%) and 125 mg (5l"h). VPC analysi<'4t' 
(160 " C )  of the first fr2,ction showed peaks a t  5.1 ( 2 % ) .  8 (7.9%, 171, 
and 9.7 min (90. I"o. 16). VPC analysis (same conditions) of the second 
fraction showed peaks at 9.8 (98%: 16) and 10.7 min I2"b) .  

(b)  Rearrangement of 4b in HClOJDioxane. Using a procedure 
similar to that u;ed for 1 he conversion of 4a to 10, 110 mg (0.65 mmoll 
of hydroxy acid 4b in 5 mL of dioxane was treated with 0.2 mL of 
perchloric acid 161%) f:)r  1.5 h a t  8.5-90 "C. The crude product was 
evaporatively di:jtilled 160 " C )  to give 73 mg 175%) of 16 as a colorless 

VPC analysis'34b (162 "C. C16H:j4 = 13.8 min) showed peaks 
at  11.4 (1.08"0, 17) and 14.2 min (96.590, 16). 

( c )  Rearrangemenl of I b  in CF:$OzH/Dioxane. T o  a solution 
of 10:i mg (0.61.2 mmol '  of hydroxy acid 4b in 0.6 mL of dioxane was 
added 0.6 mL ol'(.'F,jCOzH. The  mixture was heated at  62-64 " C  for 
I21  h and then cwled  and allowed to stand at  room temperature f o r  
24 h. The  resulting mixture was poured into saturated NaHCO,j and 

crude product was evaporatively distilled (131 "C) 
) I  of I 6  as a colorless liquid.46 VPC analysis:+4h (162 

" C .  ClfiH14 = 8.0 mini showed a peak a t  8.5 min ( > 9 9 %  of peak 
area) .  

(d)  Rearrangement of 4b in TsOH/Benzene. To a solution of 
109 mg (0.64 mmol) of hydroxy acid 4b in 5 mL olhenzene wasadded 
87 nig (0.45 mmol) of p-toluenesulfonic acid monohydrate. T h e  re- 
sulting mixture was hetited at  85-90 "C for 2 h, and then was cooled, 
poured into saturated h'aHCO.3, and worked up.41 The crude product 

104 (loo), 91 (60), 86 (61), 79 (77),77 (53). 

was evaporatively distilled (156 " C )  to  give 85 mg (89%) of 16 as  a 
colorless VPC analysis"4b (162 " C ,  C16Hs4 = 13.8 min) showed 
peaks a t  11.8 (4.2%, 17) and 14.2 min (95,8%, 16). 

(e)  Rearrangement of 5b in LiClOd/HzO/Dioxane. Mesylate 
ester 5b was prepared from 145 mg (0.80 mmol) of hydroxy ester 3b 
by a similar procedure to  tha t  described above for the preparation of 
5b. T h e  entire crude product in 4 mL of dioxane was added to a so- 
lution of 0.63 g (5.9 mmol) of LiC104 in 0.15 mL (8 .3 mmol) of water. 
The  resulting mixture was heated a t  100 "C for 2 h and then cooled 
and added to  20 mL of water. The  mixture was extracted with four 
portions of ether and three portions of methylene chloride, and the 
combined organic extracts were washed with saturated NaHCO:I, 
dried (MgS04) ,  concentrated, and evaporatively distilled (145 "C) 
to give 86 mg of a colorless liquid containing dioxane (by VPCI. The  
dioxane was removed by evaporative distillation (105 "C). leaving 74 
mg (63% from 3b) of lactone 16 as a colorless liquid.46 VPC a n a I y s i ~ 3 ~ ~  
(162 "C, C16H34 = 6.8 min) showed the major peak a t  6.2 min (98% of 
peak area, 16) with less than 1% a t  5.3 min (17). 

(f) Rearrangement of 6b in AgC104/Water/Dioxane. To a so- 
lution of 662 mg of bromo ester 6b (entire crude product from the  
preparation described ahove) in 15 mL of dioxane was added 31  mg 
(1.9 mmol) of water and 500 mg (2.4 mmol) of  AgClOI. The  reaction 
mixture was stirred a t  room temperature for 6.5 h iprecipitate forms) 
and then added to  aqueous NaCl/KaHCOl and worked up..J7 T h e  
crude product was evaporatively distilled (120 " C )  to give 195 mg 187% 
from 3b) of 16 as  a light yellow liquid.46 VP(-' (155 " C .  
C1,jH:34 = 8.9 minl showed peaks at  2.9 (l.L?J~>l. 3.7 (:l.91',,), 7.1 (1.8%. 
17) .  and 9.1 min (glob. 16). 

Acknowledgments. We would like to thank the National 
Cancer Institute (CA 18897 and CA 23037) and the National 
Science Foundation (GP-35067 and CHE77-10523) for their 
support of this work. Portions of this work were also supported 
by Research Corporation, the Research Council of Rutgers 
University, and by the donors of the Petroleum Research 
Fund, administered by the American Chemical Society. We 
thank Professor Richard G. Lawton for supplying unpublished 
procedures, Professors Paul A. Grieco and .Joseph P. Marino 
for supplying comparison spectra of compounds 13, 15, and 
16, Mr. John J. Bisaha for assistance in preparing one of the 
starting materials, and Dr. Anne M. Hudrlik for assistance in 
preparing the manuscript. 

Registry No.-lb, 15833-44-0: Za, 21505-39-5: 2b, 68582-75-2; 3a, 
43210-05-5; 3b, 68582-72-9: 4a, 68630-29-.5: Ab, 68630-28-4: Sa, 
68582-69-1: 5b, 68582-73-0; 6a, 68582-70-7: 6b, 68582-74-1: 7a, 
68582-71-8; 8a,  43210-1 1-3: 9a, 68382-7R-3: 10, 16822.0 

60916-75-8; 17,68645-72-7; ethyl chloroformate. 541-11 - 3 ,  
68582-77-1; 12, 68582-78-5; 13, 51109-5s-1: 13, 57428-1.5-6: 16, 

References and Notes 
(1) (a) Howard University (current address): (b)  Rutgers University. 
(2) For examples of naturally occurring (1-methylene--,-butyrolactones. see 

(a) T. K .  Devon and A. I .  Scott, "Handbook of Naturally Occuring Corn- 
pounds". Vol. 2 ,  Academic Press, New York. N.Y., 1972, especially pp 
79-175; (b) H. Yoshioka. T. J. Mabry. and B. N. Timmermann. "Sesqui- 
terpene Lactones: Chemistry, NMR and Plant Distribution", University of 
Tokyo Press. Tokyo, 1973. 

(3) For example, see (a) S. M. Kupchan, M. A. Eakin. and A. M. Thomas, J. M. 
Chem., 14, 1 147 (197 1 1; (b) P. A. Grieco. J. A. Noguez. Y. Masaki, K. Hiroi, 
M. Nishizawa, A. Rosowsky, S. Oppenheim. and H. Lazarus, ibid., 20, 71 
(1977); (c) K.-H. Lee, I. H. Hall, E.-C. Mar, C. 0 Starnes, S. A .  EIGebaly, 
T.  G. Waddell, R. I .  Hadgraft, C. G. Ruffner. and I Weidner. Science, 196, 
533 (1977). See also references cited in ref 4. 

(4) For reviews. see (a) P. A. Grieco. Synthesis, 67-82 (1975); (b) R. B 
Gammill. C. A Wilson, and T. A .  Bryson. Synth Comrnun., 5 .  245-268 
(1975); (c) S. S. Newaz, Aldrichimrca Acta. 10, 64-71 (1977). 

(5) (a) Arbusculin B: A. E. Greene, J.-C. Mulier, and G. Ourisson. J. Org. Chem.. 
39, 186 (1974). (b) Frullanolide: ref Sa and W. C .  Still and M. J Schneider, 
J. Am. Chem. SOC , 99, 948 (1977). (c) Costunolide: P. A. Grieco and M. 
Nishizawa, J. Org. Chem., 42, 1717 (1977). (d) Vernolepin and vernomenin: 
P. A. Grieco, M. Nishizawa. S D. Burke. and N Marinovic, J. Am. Chem. 
Soc.. 98, 1612 (1976); P. A. Grieco, M. Nishizawa. T. Ogurl, S. D. Burke, 
and N. Marinovic, ibfd., 99, 5773 (1977): S Danishefsky, T. Kitahara, P. 
F. Schuda, and S. J. Etheredge, {bid., 98, 3028 (1976); S. Danishefsky, P. 
F. Schuda, T. Kitahara. and S .  J. Etheredge. ibid., 99, 6066 (1977): G. R. 
Kieczykowski and R.  H Schlessinger. ibid.. 100, 1938 (1978); M. Isobe. 
H. iio. T.  Kawai. and T. Goto. ibid.. 100, 1940 (1978) (e) Eriolanin: P. A. 
Grieco. T. Oguri. S. Gilman, and G T.  DeTitta. ibid., 100, 1616 (1978). ( f )  
Other naturally occurring o-methylene-? -butyrolactones: R .  B. Miller and 
E. S. Behare, ibid., 96, 8102 (1974): R.  A. Kretchrner and W. J. Thompson. 
ibid.. 98, 3379 (1976): J. A .  Marshall and R .  H Ellison, ibid., 98, 4312 
(1976); P. A. Grieco and M. Nishizawa. J. Chem. Soc., Chem. Commun., 
582 (1976): P. D. Clercq and M. Vandewalle. J. Org. Chem., 42, 3447 
(1977): P. A. Grieco, Y Ohfune, and G. Majetich, J Am. Chem. SOC., 99, 



Synthesis of N -  Methylene-y-butyrolactones J .  Org. Chem., Vol. 41, No. 5,  1979 793 

7393 (1977). 
(6) This estimate is based on the examples listed in ref 2a. 
(7) (a) F. E. Ziegler, A. F. Marino, 0. A. C. Petroff, and W. L. Studt, Tetrahedron 

Lett., 2035 (1974); (b) P. A. Grieco and K. Hiroi, ibid., 3467 (1974); (c) P. 
A. Grieco, N. Marinovic, and M. Miyashita, J. Org. Chem., 40, 1670 (1975); 
(d) R. Scheffold, L. Revesz, J. Aebersold, and A. Schaltegger, Chimia, 30, 
57 (1976); (e) S. M. Ali and S. M. Roberts, J. Chem. SOC., Chem. Commun.. 
584 (1976); (f) C. G. Chavdarian, S. L. Woo, R. D. Clark, and C. H. Hea- 
thcock, Tetrahedron Lett.. 1769 (1976); (9) J. P. Marino and J. S. Farina, 
J. Org. Chem., 41, 3213 (1976); (h) S. Danishefsky, T. Kitahara, R. McKee, 
and P. F. Schuda. J. Am Chem. SOC., 98, 6715 (1976): (i) S. Danishefsky, 
M.-Y. Tsai, and T. Kitahara, J. Org. Chem., 42,394 (1977); (j) A. Hassner, 
H. W. Pinnick, and J. M. Ansell, ibid., 43, 1774(1978). 

(8) P. F. Hudrlik, L.. R. Rudnick, and S. H. Korzeniowski, J. Am. Chem. Soc., 
95, 6848 (1973). 

(9) For leading references, see G. A. Olah and G. Liang. J. Am. Chem. SOC., 
98, 7026 (1976). See also references cited in ref 8. 

(10) Solvolytic real-rangements of cyclopropylcarbinyl derivatives have been 
of considerable synthetic utility. For some recent examples, see ref 7a and 
(a) U. Axen, J E. Pike, and W. P. Schneider in "The Total Synthesis of 
Natural Products", Vol. 1, J. ApSimon, Ed., Wiley-lnterscience, New York, 
N.Y., 1 9 7 3 . ' ~ ~  81-142, especially pp 99, 102-107; (b) H. Nakamura. H. 
Yamamoto, and H. Nozaki, Tetrahedron Lett., 11 1 (1973); (c) M. Julia and 
J.-M. Paris, ibid., 3445 (1974); (d) J. A. Marshall and R. H. Ellison, J. Org. 
Chem., 40, 2070 (1975): (e) C. Descoins and D. Samain. Tetrahedron Lett., 
745 (1976): (f) B. M. Trost, D. E. Keeley, H. C. Arndt, and M. J. Bogdanowicz, 
J. Am. Chem. Soc., 99,3088 (1977). 

(1  1) First presented at the 173rd National Meeting of the American Chemical 
Sopiety, New Orleans, La., March 1977, Abstracts, ORGN 92. 

(12) (a) T. V. Mandel'shtam, L. D Kristol. L. A. Bogdanova, and T. N. Ratnikova, 
J. Org. Chem. USSR (Engl. Trans/.), 4, 963 (1968); (b) H. Musso, Chem. 
Ber., 101, 3710 (1968). 

(13) (a) J. A .  Berson, D. R. Hartter, H. Klinger, and P. W. Grubb, J. Org. Chem., 
33, 1669 (196R); (b) 6. W. Peace, F. Carman, and D. S. Wulfman, Synthesis, 
658 (1971); see also (c) B. W. Peace and D. S. Wulfman, ibid., 137 
(1973). 

(14) The procedure was adapted from that of Y. G. Perron, L. B. Crast, J. M. 
Essery, R. R. Fraser, .J. C. Godfrey, C. T. Holdrege, W. F. Minor, M. E. 
Neubert, R. A .  Partyka, and L. C. Cheney. J. Med. Chem., 7, 483 
(1964). 

(15) J. A. Marshall and N. Cohen. J. Org. Chem.. 30, 3475 (1965). 
(16) Diene 13 has been used as a precursor to the wnethylene-)-butyrolactone 

10: J. P. Marino and D. M. Floyd, J. Am. Chem. Soc.. 96, 7138 (1974). 
(17) (a) F. T. Bond and L. Scerbo, Tetrahedron Lett., 4255 (1965); (b) J. A. 

Meschino, cited by (c) K. B. Wiberg, and J. G. Pfeiffer, J. Am. Chem. Soc., 
92, 553 (1970). 

(18) For comparison, Zieglei- and c o - ~ o r k e r s ' ~  observed the following reac- 
tion. 

Q+ 23F reflux + + % 
I )  0 0 0 

1 5 g I /  -I?,. 

1.5 h 

(19) Lithium perchlorate has been shown to accelerate solvolyses involving 
stabilized cations, particularly in relatively nonpolar solvents: S. Winstein. 
S. Smith, and D. Darwish, J. Am. Chem. SOC., 81, 551 1 (1959). 

(20) L. R. Rudnick, Ph.D. Thesis. Rutgers University. New Brunswick, N.J , 
1975. 

i 2 1) Ethyl norcarane-7-carboxylate was originally believed to be a byproduct 
from some of these early experiments* in which many components were 
formed. It was not a major byproduct from the later experiments (reported 
here), and we believe the original assignment was in error. 

(22) P. A. Grieco. J. Wang, and G. Majetich. J, Org. Chem.. 41, 726 
(1976). 

(23) L. A. Paquette, Synthesis, 347 (1975). 
(24) Treatment of 9a with HC104 in dioxane also yielded some of lactone 10. 
(25) A comparison sample of the trans lactone 17 was obtained as follows. 

Steam distillation of hydroxy acid 4b with a small amount of H2SO4 yielded 

Qo 17 

product mixtures consisting of varying amounts of cis lactone 16 and an- 
other lactone assigned the trans ring fusion 17. (Similar steam distillation 
of 4a produced mixtures of cis and trans lactones 10 and 14.) Lactone 17 
was purified by preparative VPC and had the following spectral data: IR 
(CHC13) 3.4, 5.69, 6.01, 7.91, 8.78 gm; NMR (CDC13) 6 1.6-2.2 (br, 4 H), 
3.6 (m, 1 H). 4.8 (m, 1 H), 5.4-6.2 (br, -CH=CH-) overlapping with 5.61 
(d, J = 2 Hz) (total 3 H). 6.23 (d, J = 2 Hz, 1 H); mass spectrum, m / e  (re1 
intensity) 150 (M', 45). 132 (IOO), 106 (43), 105 (44), 94 (52). 91 (63), 79 
(69), 77 (84), 39 (72). 
Earlier we had observed that additional alkyl groups can direct the rear- 
rangement. Treatment of alcohol ester i with HBr and ZnBrZ in EtOH gave 
the knownz7 lactone ii: P. F. Hudrlik and J. L Smith, unpublished work at 
Rutgers University. 

I 11 

(27) E. R. H. Jones, T. Y. Shen. and M. C. Whiting, J. Chem. Soc.. 230 (1950); 
J. Haslouin and F. Rouessac, Tetrahedrort Lett., 4651 (1976). 

(28) For some other examples of possible neighboring group participation in 
solvolyses of cyclopropylcarbinyl systems, see L. A. Paquette and R. W. 
Begland, J. Am. Chem. SOC., 90, 5159 (1968): J. G. Cannon, R. V. Smith, 
K .  Franzen, and J. Musich, J. Org. Chem., 38, 2913 (1973); and ref 10d. 

(29) The cis and trans lactones do not appear to interconvert under our reaction 
conditions. The cis lactone 10 and the trans lactone 14 were each shown 
to be stable to CFBCOzH (40 OC, 86 h) (monitored by NMR, PhCH, as an 
internal standard). Mixtures of 10 and 14 were found to be reasonably stable 
to TsOH in benzene (60 'C, 24 h) and HC104 in dioxane (70 OC, 18 h) 
(monitored by NMR, Me3SiOSiMe3 as an internal standard). Mixtures of 16 
and 1725 were found to be reasonably stable to HCIO., in dioxane (85 OC, 
1.5 h). TsOH in benzene (85 OC. 2 h), and LiCi04 and HzO in dioxane (100 
OC, 2 h) (analysis by VPC, n-C15H3, as an internal standard). 

(30) When R = H, deprotonation of either cation 18 or 19 (giving 10 or 15, re- 
spectively) should be facile. When R # H, addition of water to cation 19 
may be sterically relatively unfavorable owing to conformational ef- 
fects. 

(31) In prostaglandin syntheses employing solvolyses of bicyclic cyciopropyl- 
carbinyl derivatives, the yields of homoallylic products were much greater 
when the carbon bearing the leaving group was endo rather than 
exo."Ia 

(32) A major problem is the relative unreactivity of the endo COIR group; for 
example, several attempts to selectively reduce the endo COZEt group of 
ester acid 2a gave either no reaction or. under more severe conditions, 
the diol. 

(33) Compare K.  G. Taylor. V. N. Nichols, R. Isaac. and G, S. Poindexter. J. Org. 
Chem., 39, 1761 (1974). 

(341 The following columns were used for VPC analysis: (a) 5% SE-30 on 
Chromosorb W, 5 ft X 0.25 in. aluminum. (b) 10% DC-550 on Chromosorb 
W, 10 ft X 0.25 in. aluminum. 

(35) The procedure is that of R.  K. Crossland and K L. Servis. J. Org. Chem., 
35, 3195 (1970). 

(36) The mesylate ester 5a was prepared in a separate but similar experiment 
to that reported above; 1.065 g of hydroxy ester 3a was converted to 1.455 
g of mesylate ester (98% crude yield). 

(37) Extracted with 2-4 portions of methylene chloride and 2-4 portions of ether, 
and the combined organic extracts were dried (MgS04) and concentrat- 
ed. 

(38) Taken of the product from a similar experiment. 
(39) The NMR spectrum was consistent with the product being a mixture of the 

components isoiated by preparative VPC. 
(40) Obtained on a sample from reaction of 5a with HOAcIKOAc at 100 OC 

(purified by preparative VPC: IR and NMR spectra were comparable to those 
described here). 

(41) Extracted with 2-5 portions of ether, and the combined organic extracts 
were dried (MgS04) and concentrated. 

(42) Chromatography was carried out on 20 g of Florisii. Byproduct diene was 
removed by elution with 1.2 pentane/methylene chloride. The product was 
eluted with 3 %  ether in methylene chloride. 

(43) IR and NMR spectra were essentially identicai with those of 10 isoiated 
above by preparative VPC. 

(44) The mesylate ester 5a was prepared in a separate but similar experiment 
to that reported above; 408 mg of hydroxy ester 3a was converted to 561 
mg of mesylate ester (99"/0 crude yield). 

(45) NMR with CHCl3 as an internal reference. 
(46) Identified as +methylene lactone 16 by comparison of its IR and NMR 

spectra with those of an authentic sample supplied by Professor Marino; 
see ref 79. 


