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OCH$&) in the ratio of 4:l as judged by the relative intensities of 
the signals in the NMR (CHC13) for the vinyl methyl group and the 
vinyl proton. 13,6 1.87 (d, J N 2 Hz) and 5.92 (broads); 14,6 2.03 (d, 
J = 2 Hz) and 6.45 (broad s); for the mixture, IR (CHC1:j) 1750 cm-'; 
NMR (CHC13) d 3.82 (s), 7.8-7.4 (m); mass spectrum, mle (re1 in- 
tensity) 282 (M+, loo), 254 (601,226 (701,198 (35), and 194 (40). 

Bicyclo[3.2.l]octeny1 y-Lactone 14. Keto ester l l a  (110 mg, 0.39 
mmol), prepared from keto acid 10a by treatment with diazomethane 
(100% yield), and poly(phosphoric acid) (12 mL) were stirred for 2 h 
at  80 "C. The cooled mixture was poured onto ice water and extracted 
with ether. The combined organic phases were washed with aqueous 
NaHC03, dried, and then evaporated to give a residue which was 
crystallized from ether to yield 98 mg (82%) of pure lactone 14 (Ar = 
CsH5): mp 115-116.5 "C; IR (CHC13) 1740 and 1645 cm-'; NMR 
(CDC13) 6 1.60-2.40 (m, 6), 2.00 (d, 3, J = 1.5 Hz), 2.80 (m, l), 6.45 (b, 
l), and 7.25-7.75 (m, 5); UV (MeOH) max 308 nm (c  = 18 000); mass 
spectrum, mle (re1 intensity) 252 (1061, 224 (581, 196 (70),  and 195 
(50). 

Anal. (C1jHIEOz); Calcd mol wt, 252.1150. Found: 252.1153. 
Under the conditions described above, both keto acid 10b and keto 

ester l l b  furnished y-lactone 14 (Ar = m-OCH3C&) in yields of 92 
and 88%, respectively; the crude product showed IR (CHC13) 1745 
cm-'; NMR (CDC13) 6 2.0 (d, 3, J = 2 Hz), 3.82 (s, 3),6.45 (m, I), and 
7.8-7.5 (m, 4); IJV (CH30HI max 300 nm. 

Registry No.-& 4722-70-7; 5,  67316-12-5; 6a, 69089-24-3; 6b, 
69089-25-4; 7, 69089-26-5; 9a, 69102-09-6; 9b, 69089-27-6; loa, 
67315-97-3; lob, 67315-98-4; l la,  69089-28-7; l lb,  69089-29-8; 13 (Ar 
= CsHs), 69089-30-1; 1 4  (Ar = m-OCH3CeH4), 69089-31-2; 14 (Ar = 
CsHs), 6908942-3; 13 iAr = m-oCH3CsH4), 69089-33-4; 2-cyclo- 
hexenone, 930-68-7; diethyl cyclohexanone-3-malonate ketal, 
7084-90-4; ethyl cyclohexanone-?,-acetate ketal, 7076-69-9; diethyl 
cyclohexannone-3-malonate, 22274-75-5. 
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Exposure of various dihydroabietic a n d  dihydrolevopimaric 
acids such  as la  or 2a to sulfuric acid at low t empera tu re  re -  
sults in  formation of a y-lactone which under  somewhat more  
s t r ingent  conditions is i n  equi l ibr ium wi th  a T h e  
reaction has been formula ted  in  t e r m s  of the backbone  rear -  
rangement  shown in Scheme  I, t h e  s te reochemis t ry  assigned 
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a a series, R ,  = isopropyl,  R, = H ;  b series, R ,  = Et ,  
R, = Me:  c series, R ,  = Me, R, = Et .  

to 4a and 5a being based  on  mechanistic The 
postulated stereochemistry of 4a at C-8 a n d  t h e  intermediacy 
of compounds of type  3 have been verified,' but the presumed 
stereochemistries of 4a and 5a at C-5, while extremely p lau-  
sible, have  n o t  been documen ted  independent ly .  

Dihydropimaric acid (lb),  dihydroisopimaric acid (6), and 
the i r  double-bond isomers likewise undergo  rear rangement  
to  y- and &lactones which b y  analogy have been assigned 
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Figure  1. Stereoscopic view of 4c. 

formulas 4b, 4c and 5b, 5c, respectively.s-10 Our subsequent 
preparationll of (-)-13-epirimuane (sa) from 4b and of 
(-1-rimuane (8b) from 4c by a method which leaves C-5 un- 
touched confirmed the C-8 stereochemistry attributed to 4b 
and 4c, but did not furnish independent proof for the ste- 
reochemistry assigned to C-5 since the mode of hydrogenation 
of (-)-rimuene (9), which also furnishes 8b, is difficult to 
predict.12 Nevertheless, it has been generally accepted that 
H-5 is p. 

In a recent publication, ApSimon and co-workers14 claim 
that 13C NMR shift data and spin lattice relaxation time 
measurements require revision of the previously accepted 
formula 4c for the y-lactone from dihydroisopimaric acid (6) 
to 7 with a cis-A/B ring junction, but agree with structure 5c 
for the corresponding &lactone. Presumably, their conclusions 
also apply to the y- and &lactones from 2a and 2b.15 I t  is dif- 
ficult to imagine how the equilibrium between y- and &lac- 
tones can involve epimerization a t  C-4 if compounds of type 
3 can serve as precursors of the y-lactones. 

In view of the mechanistic problem and our interest in 
cationic rearrangements of diterpenes, we decided to settle 
the stereochemistry of the y-lactones once and for all by X-ray 
crystallography. Our results on the y-lactone from dihydroi- 
sopimaric acid show, contrary to the conclusions reached by 
the Canadian workers,14 that this substance possesses struc- 
ture 4c, in accordance with the arguments used originally3s4 
to rationalize the rearrangement of la. We infer that  the y- 
lactones from 2a and 2b also possess a trans-AB ring junction. 
As a corollary, the hydrogenation of (-)-rimuene results in 
what appears to be addition of hydrogen from the more hin- 
dered /3 face.12 

Crystal data for 4c are listed in the Experimental Section. 
The crystal contained two independent molecules, in one of 
which (unprimed), due to thermal motion or disorder, C-16 
was not well defined. Figure 1 is a stereoscopic drawing of the 
second (primed) molecule, which shows that the A/B ring 
junction is trans, with H-5 B and H-8 a. Tables I and 11, con- 
taining final atomic and anisotropic thermal parameters, and 
Tables 111, IV, and V, listing bond lengths, bond angles, and 
selected torsion angles, are available as supplementary ma- 
terial. Since the crystal contained two independent molecules 
of 4c, the tables of distances and angles contain two values for 
each entry. 

Experimental Section 
Dihydroisopimaric acid was lactonized16 by a slight modification 

of the literature method9 by keeping it with sulfuric acid at  -8 "C for 
45 min and quenching with water. Extraction with ether, chroma- 
tography over silica gel, and elution with benzene gave 412, mp 
107.5-108 OC, after recrystallization from aqueous methanol. Slow 
recrystallization from methanol furnished single crystals which were 
monoclinic, space group P21, with a = 11.775 (1) A, b = 12.450 (1) A, 
c = 12.859 (2) A, p = 104.68 (l)', and dcalcd = 1.109 g ~ m - ~  for Z = 4 
(C20H3202, M ,  304.47). The intensity data were measured on a Hil- 
ger-Watts diffractometer (Ni-filtered Cu Kcu radiation, 8-28 scans, 
pulse height discrimination). A crystal measuring approximately 0.15 
X 0.25 X 0.45 mm was used for data collection; the data were not 
corrected for absorption ( f i  = 5.4 em-'). Of the 3851 accessible re- 
flections for 8 < 76'. 276.1 were considered to be observed [I > 2.5u(I)]. 
The structure was solwd by a multiple solution procedure" and was 
refined by block-diagonal least squares in which the matrix was par- 
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titioned into two blocks. In the final refinement, anisotropic thermal 
parameters were used for the heavier atoms and isotropic temperature 
factors were used for the hydrogen atoms. The hydrogen atoms were 
included in the structure factor calculations, but their parameters 
were not refined. Eleven low 0 reflections were strongly affected by 
extinction and were not included in the refinement. The final dis- 
crepancy indices are R = 0.051 and w R  = 0.052 for the remaining 2752 
observed reflections. The final difference map has no peaks greater 
than f0 .2  e A-3. 

Registry No.-4c, 59751-40-5; 6,5835-26-7. 

Supplementary Material  Available: Tables I-V listing final 
atomic and anisotropic thermal parameters, bond lengths, bond an- 
gles, and selected torsion angles (7 pages). Ordering information is 
given on any current masthead page. 
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Whereas bromination of aliphatic alkenes goes through 
bromonium ions,' open carbonium ion like transition states 
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