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T h e  syntheses o f  t w o  tr ienols th rough  the  ketones 8 a n d  9 are described, and  the  results o f  the  stannic chloride 
catalyzed cyclizations o f  these mater ia ls  is presented. T h e  p roduc t  var ia t ion as a resul t  o f  solvent changes in the  
cycl izat ion o f  the t r ieno l  f r o m  t h e  ketone 8 revealed the  fo rma t ion  o f  signif icant amounts o f  solvent-trapped prod-  
ucts. T h e  synthesis o f  the  t r ieno l  f r o m  the  ketone 25 fol lows t h e  same pat te rn  as the  above models, but the  yield 
o f  t h e  olef in 26 in the  stannic ch lor ide cycl izat ion is s igni f icant ly lower t h a n  in the  mode l  series. A t tempts  t o  con- 
ver t  the  olef in 26 t o  a k n o w n  in termediate in a previous alnusenone (1)  t o t a l  synthesis were unsuccessful. T h e  X- 
r a y  s t ruc tu ra l  analysis o f  the  ketone 27 is  presented. 

In the preceding paper4 in this series the results of a pro- 
gram designed to construct intermediates for the total syn- 
thesis of alnusenone (1) via the acid-catalyzed cyclization 
of the 3-methyl-2-cyclopentenol A were discussed. At the 
inception of this synthetic scheme two possible cyclic allyl- 
ic alcohol systems were considered useful candidates for 
the initiation of the cyclization step.5 In addition to the 3- 
methyl-2-cyclopentenol system A, the 4-methyl-2-cyclo- 
hexenol system B has significant potential. In principle cy- 
clization of this molecule will establish a pentacyclic inter- 
mediate in which the E ring is already six-membered and 
bears the desired C-17l methyl group at a cis D/E ring fu- 
sion. Addition of the gem-dimethyl grouping a t  C-201 
through the agency of the C-19-C-201 double bond that re- 
sults from cyclization would then complete the construc- 
tion of the triterpenoid E ring. The advantages of this con- 
cept are apparent, for it avoids not only the selective lith- 
ium-ammonia reduction of the A,E-diaromatic pentacyclic 

intermediate used in the initial approach6 but also the ne- 
cessity for the subsequent incorporation of the C-17l angu- 
lar methyl group that is inherent in both preceding syn- 
 these^.^>^ While these two operations did not pose signifi- 
cant problems in fact, the advantages of this proposed 
scheme were great enough to warrant a concurrent investi- 
gation. The results of both a model study and the cycliza- 
tion of the alcohol B are presented here. 

Of initial concern in this work was the development of 
procedures for the conversion of the dienolZ4 (Chart 111) to 
the desired cyclization substrate B. The efficient synthesis 
already described7 for the dienol 24 dictated its use in the 
synthesis of both allylic alcohols A4 and B, but different 
subsequent schemes were required in each case. In addition 
a model series designed to test the efficiency of the cycliza- 
tion step was deemed advisable. Even though this stage of 
the scheme is based on the principles that have been devel- 
oped in the Johnson l abora to r i e~ ,~ ,~  the presently proposed 
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Table I 
Variation in Product Composition with Solvent on Cyclization of 

4-Methyl-4-(3'-methyl-(E)-3,7-octadienyl)-2-cyclohexenol 

Molar ratio Reaction 

Expt Solvent SnClIalc Temp, OC t ime Products (% isolated yield) 

1 CH,NO, 1.5 -28 
2 C H 2 C 1 p-  C 0 (OC H 2f2 6 25 
3 C,I% 6 5 
4 CH2C1, 1.5 25 
5 CF,CH,OH 3 0 
6 CGHjOCH, 3 -10 
7 C G H ~ C O ~ C H ,  3 then 25 

substrate B differs in subtle but significant ways from 
those employed by Johnson. Thus, a 4-methyl-2-cyclohexe- 

H OH 
\ /  

H3C I 

A ? 

1 

no1 is proposed here in contrast to the 1- and 3-methyl-2- 
cyclohexenolssa,b used by Johnson, and it seemed reason- 
able to test the stereochemical outcome of the cyclization 
with this system in a less complex model series before the 
dienol 24 was used. The synthesis and cyclization of two 
such model systems-the alcohols derived from the ketones 
8 and 9-were investigated. 

An obvious route for the formation of the required allylic 
alcohols was through hydride reduction of the enones 8 and 
9 (Chart I). Annelation of the enaminesg derived from the 
aldehydes 6 and 7 with methyl vinyl ketone provided ready 
access to these enones 8 and 9. For the construction of the 
aldehyde 7 in the series with the tetrasubstituted double 
bond, it was a simple matter to hydroboratelO and then oxi- 
dizell the symmetrical diene 5 obtained from the coupling 
reaction12 between methallylmagnesium bromide and the 
dibromide 3.13 However, since a polyene system like 5 was 
not intermediate in the established synthesis of the dienol 
24, another route to a 2-methylaldehyde similar to 7 was 
sought that  required the introduction of the methyl group 
a t  this site. Such a system was the aldehyde 6, which was 
available through direct methylation of the acid 4 and then 
a reduction-oxidationll sequence. The choice of this sys- 
tem 6 that contained the trisubstituted rather than the te- 
trasubstituted double bond was predicated on its ease of 
access through the ester 2,14 and the expectation that cycli- 
zation of the alcohol derived from the resulting enone 8 
would be efficienLs That the structure and stereochemistry 
of the resulting tricyclic products would be more readily 

1.5 min 10 (25%) 
1 hr  
1.5 hr 
4 min 
3 hr 

15 min 
5 hr  

10 (56%), 20 (4%) 
10 (22%), 19 (28%) 
10 (14%), 19 (35%) 
10 (20%), 21 (16%) 
10 (12%), 20 (2573, 22 (20%), 23 (28%) 
10 (35%), 20 (3%) 

amenable to definition than in the tetrasubstituted double 
bond series was also considered. 

Char t  I 
Hydrophenanthrene Formation via Polyene 

Cyclizationa 

3 
d 174% 

6, R = H  
7, R =CH3 

0 Y 

l other 
-k minor 

R products 
CH3 CH3 

8, R' = H (84%) 
9, R=CH, (70%) 

10, R = H (56%) 
11, R=FH, (32'%) 

a a, LiAlH4, EtzO; b, Ph3P, cc14; c, Mg, THF, COz; d, 
CHz=C(CH3)CHzMgBr, THF; e, LiN(i-Pr)z, THF, CH3I; f, CrOa * 

2Py, CHZC12; g, SiazBH, THF,  H&, aq NaOH; h, C4H&l,C&, 
CH3COCH=CHz, NaOAc, aq HOAc; i ,  SnC14, (CHzO)&O, 
CHzClz. 

In fact, cyclization of the alcohol derived from the ketone 
8 wth stannic chloride in dichloromethane-ethylene car- 
bonate solution15 led to a mixture of the dienes 10 in 56% 
yield. In addition it was possible to identify a minor com- 
ponent of the product mixture as the cholorocarbon 20 that 
resulted from solvent trapping of the tricyclic cation. This 
interesting observation led to the consideration of the ef- 
fect of the solvent on the product distribution from the cy- 
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clization (Table I). I t  is interesting to note that in benzene, 
a common solvent for such reactions: the major isolated 
product arises from attack of the tricyclic cation by the 
benzene solvent. Even the poorly nucleophilic solvent tri- 
fluoroethanol16 successfully competed with proton abstrac- 
tion and produced significant amounts of the ether 21. 
Comparison of experiments 2 and 4 reveals the effect of the 
addition of ethylene carbonate to the reaction mixture. 
This reagent has been used15 to trap the vinyl cation gener- 
ated during cyclizations that terminate a t  an acetylenic 
linkage. In the present case, where a saturated cationic cen- 
ter is generated by cyclization, ethylene carbonate behaves 
as a base and promotes proton abstraction. 

Particularly interesting, in view of the past4 and pro- 
posed use of the anisole ring in the cyclization substrates, is 
the result (expt 6) when the cyclization was conducted in 
anisole. Even though the anisole solvent was quite nucleo- 
philic and trapped both the initial 23 and tricyclic 22 cat- 
ions effectively, it  was not nucleophilic enough to prevent 
the formation of the dienes 10 and even allowed the tricy- 
clic cation to be trapped by chloride from the catalyst. In 
addition the observed formation of both the ortho- and 
para-substitution products 22 and 23 corroborates previous 
experience4@J7 in which both substitution patterns re- 
sulted when substrates that contained the anisole ring were 
used. 

19, 
20. 
21, 
22. 

X = CI,H, 
x =CI 
X =CF,CH>O 
X = 0-  and p - C H  OC,,lI, 

$H,OCH, (0- and p - )  

CH, 
23 

In order to provide the structure and stereochemistry of 
the tricyclic products from this cyclization, an alternate, 
stereorational synthesis of the system was developed 
(Chart 11). A new route to the key substance in this se- 
quence-the ketone 14--was developed from m-methoxy- 
benzylindenecyclohexanone ( 12)ls via me thy lena t i~n” t~~  to 
the cyclopropyl ketone 13 and then reductive methyl- 
ation21 to form the desired intermediate 14. This sequence 
avoids the low yield anticipated from the more obvious al- 
kylation of 2-methylcyclohexanone with @-(m-methoxy- 
pheny1)ethyl bromide and should prove to be of general 
utility for the construction of systems such as the ketone 
14. 

For comparison purposes the hydrocarbon 18 was pre- 
pared from the ketone 14 as outlined in Chart 11. Strong 
precedence22 as well as experimental evidencez3 exists for 
the stereochemical outcome a t  each stage, and the identity 
of the samples of the hydrocarbon 18 prepared by this 
route and by hydrogenation of the dienes 10 was estab- 
lished by spectra and GI,C comparison. At least for a tri- 
substituted central double bond, this identity establishes 
that the cyclization of the 4-methyl-2-cyclohexenol bearing 
system gives the Same trans-anti-trans stereochemical re- 
sult as that observed by Johnsons in the 1- and 3-methyl 
cases. 

Attention was now turned to the cyclization of the alco- 
hol derived from the ketone 9 in order to  test the effect of 
the central tetrasubstituted double bond on the outcome. 
Cyclization of this material with stannic chloride in dichlo- 
romethane again resulted in the formation of a complex 
mixture of products from which the major isolated compo- 
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Chart I1 
Synthesis of the Hydrocarbon lga 

12 13 

14 15 

16 f 

18 

a a, NaBH4, CH3OH; b, Zn(Cu), CHzI2, EtzO; e,  8 N aq HZCi-04, 
acetone; d, Li, “3, ( C H ~ O C H Z ) ~ ,  t-BuOH, HMPA, CH& e ,  PPA; 
f, 10% Pd/C, EtOH or CaH14,Hz; g, Li, “3, THF, t-BuOH; 5 N aq 
HCl, CH30H; h, LiCu(CH&, EtzO, HMPA, ClPO(NMed2; i, Li, 
EtNHz, THF, t-BuOH. 

nent was taken to be the diene 11. Although no detailed 
structure proof was undertaken, the spectral properties of 
this material as well as the analogy to  the preceding cycli- 
zation serve to substantiate this structural assignment. The 
significant difference between the present cyclization ex- 
periment and the preceding one is the lower yield and more 
complex product mixture. Under the conditions used the 
more basic tetrasubstituted double bond may interfere 
through competitive interaction with the catalyst, but 
probably more significant is the severe congestion that  de- 
velops during cyclization between the C- l l  methylene and 
the C-4ba1 angular methyl group. This interaction was 
lacking in the preceding trisubstituted double bond case 
and may add sufficient energy to the cyclization transition 
state to  allow alternative reaction pathways to compete 
more effectively. 

In spite of this nascent trend toward lower yields in the 
cyclization step as the system becomes more similar to the 
desired substrate B for the pentacyclic synthesis, the ad- 
vantages of this approach in terms of structural and stereo- 
chemical control encouraged the continuation of the effort 
toward its desired conclusion. 

Conversion of the dienol 247 to the enone 25 (Chart 111) 
followed the procedure already tested in the formation of 
the enone 8 from the acid 4 (Chart I), and the overall yield 
was equally as satisfactory. Cyclization of the alcohol ob- 
tained on hydride reduction of the enone 25 was accom- 
plished with stannic chloride in dichloromethane -ethylene 
~ a r b 0 n a t e . l ~  Again a complex mixture of products resulted, 
but one product predominated enough to permit its isola- 
tion and purification after repeated chromatography. The 
spectral properties of this material were consistent with 
those expected of the desired olefin 26. Unfortunately, the 
unsatisfactorily low yield in which the olefin 26 was formed 
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in this cyclization could not be increased by experimenta- 
tion with several alternate reaction conditions. 

Chart I11 
Formation of Pentacyclic Olefin 26 via Polyene 

Cyclizationa 

Q 

CH,O ,is 
24 

26 

25 
0 

27 

a, Cr03 .  ZPy, CH2C12; b, AgN03, aq NaOH, EtOH; c, LiN(i- 
Pr)2, THF, HMPA, CH31; d, LiAlH4, EtzO; e,  C4H9N,C6Hsl 
CH&OCH=CH2, NAOAc, aq HOAc; f, SnC14, (CHz0)2CO, 
CH2C12; g, BH3. THF, THF, Hz02, aq NaOH; h, 8 N aq H2Cr04, 
acetone. 

All that remained to connect the thread of the present 
synthetic scheme with that of the previously successful 
total synthesis6 of alnusenone (1) was the conversion of the 
olefin 26 to the pentacyclic system that had a gem-dimeth- 
yl grouping at C-2.l 

As a first step in this operation, hydroborationlO and 
then oxidation24 of the olefin 26 gave the ketone 27, the 
point a t  which the synthetic effort came to a halt. The ste- 
ric congestion about substituents a t  C-2l as a result of the 
cis D/E ring fusion and the subsequent proximity of the C- 
14aal methyl group thwarted several attempts to  develop 
means for this transformation. While the severely limited 
supply of the olefin 26 did not allow extensive experimen- 
tation, treatment with trimethylaluminum-benzene a t  
200°25 and methylenetriphenylphosphorane in dimethyl 
sulfoxidez6 were found to be ineffectual. Formation of the 
C-2 oxirane by the method of Coates and Johnsonz7 was 
possible and subsequent rearrangement of this oxirane to 
the C-2 aldehyde and then methylation led to material 
which had spectral properties (ir and NMR) consistent 
with the aldehyde 28. Again limited supplies owing to low 

28 

yields did not allow complete purification of this material, 
and it could not be freed from minor components that  re- 
sulted from side reactions a t  each stage. Material of suffi- 
cient purity for combustion analysis was therefore not ob- 
tained. As might be expected, reduction of this aldehyde 28 
to the desired C-2 gem-dimethyl system was not possible. 
Even after reduction with hydride to what was presumed to 

Table I1 
Crystal Data 

Molecule bans-anti-trans-anti-cis ketone 27 

Formula C27H3802 
Formula wt 394.6 
Space group C2/c 
Systematic absences 

hkl ,  h + k = 2n + 1 
no 1 1  = 2n + 1 

a 50.1255 (16) 
b 7.5886 (3) 
c 11.4010 (4) 
P 90.504 (2) 
2 8  

h Co Ka, 1.7902 A 
0, 1.21  g ~ r n ' ~  
Dm 1.23 * 0.02 g cmm3 
li. 8.8 cm-i 
V 4336 A3 
Background time 30 sec  
Scan rate 2'/min 
No. of reflections 2505 
Nonzero reflections 2319 
Final R index a 0.168 
Standard deviation in 

C,O bond lengths 0.01 A 
Standard deviation in 

C,O bond angle 0.7" 

1728 

a R  = Z(IF,/ - ~ F c ~ ~ / ~ l ~ o l .  

be the primary alcohol, the severe steric hindrance thwart- 
ed the formation of a phosphorodiamidate2s derivative. 
These observations, as well as the bulk of p r e ~ e d e n c e , ~ ~  
suggest the stereochemistry shown a t  C-2l in the aldehyde 
28. The aldehyde function in this configuration is effective- 
ly blocked toward intermolecular reactions by the C- l l aa  
methyl group. This same steric situation exists in alnusen- 
one (1) itself and is in part responsible for the ease of the 
acid-catalyzed rearrangement30 of that  carbon skeleton to 
the more familiar B-amyrin structure. 

In view of these observations and the very limited 
supplies of the olefin 26, no further efforts were undertak- 
en to effect the introduction of the gem-dimethyl grouping 
a t  C-2. In order to confirm the proposed structures and 
thereby establish that the formation of the olefin 26 in the 
cyclization reaction had taken the expected course, a sin- 
gle-crystal X-ray structural analysis was undertaken on the 
ketone 27. The X-ray data were collected with iron-filtered 
Co Ka  radiation to a spacing of 0.97 A. The structure was 
solved by direct methods and refined by full-matrix least- 
squares refinement with isotropic temperature factors of all 
heavier atoms. The R index is 0.168 (Table 11). A stereoplot 
of the molecule (Figure 1) confirms the structure assigned 
on the earlier spectral data and graphically illustrates the 
steric situation in the C/D/E rings that prevented the con- 
version of this ketone 27 to the desired hexamethyl system. 

This work and that reported in the preceding paper dem- 
onstrate that  the polyene cyclization sequence5 is a valid 
means for the construction of polycyclic systems from po- 
lyolefinic substrates that  make no attempt to simulate nat- 
ural intermediates. The results of the cyclizations in ani- 
sole (Table I) and with those systems that incorporate the 
anisole ring in the polyene leave much to be desired in our 
hands.sc This should not, however, detract from the effi- 
ciency of the scheme, as demonstrated by the good yields 
obtained in the model aliphatic systems investigated. The 
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Q 

Figure 1. Stereoplot of the ketone 27. 

present  work serves to underscore the effect of steric con- 
gestion o n  both t h e  cyclization stage and t h e  subsequent,  
more s t anda rd  transformations.  

Experimental Section31 
4-Methyl-(E)-4,8-nonadienol. A solution of 4.63 g (23.6 mmol) 

of the ester .!F4 in 30 ml of dry ether was added over 1 hr to a mix- 
ture of 0.90 g (23.6 mmol) of lithium aluminum hydride in 30 ml of 
dry ether, and the mixture was stirred at  room temperature for 1 2  
hr. After decomposition of the excess hydride with water and 
aqueous base, 3.58 g (99%) of the corresponding alcohol was isolat- 
ed by ether e x t r a c t i ~ n . ~ ~  Bulb-to-bulb distillation (72', 0.5 mm) of 
a portion of this material afforded analytically pure material: ir 
(CHC13) 3630 (OH), 1673 ((2-4 C=C), 1645, 1010, and 920 cm'l 

3.63 (t, 2, J = 6 Hz, C-1 Hz), 4.8-5.3 (m, 3, C-5 H and C-9 Hz), and 
5.6-6.3 (m, 1, C-8 H). 

Anal. Calcd for CloHlaO: C, 77.87; H, 11.76. Found: C, 77.96; H, 
11.79. 
l-Chloro-4-methyl-(E))-4,8-nonadiene. A solution of 2.038 g 

(13.2 mmol) of the alcohol above and 3.80 g (14.5 mmol) of tri- 
phenylphosphine in 10 ml of dry carbon tetrachloride was heated 
at  reflux for 33 hr, during which time approximately 10 ml of vola- 
tile distillate was removed. After cooling, the mixture was diluted 
with 20 ml of petroleum ether, and filtered to remove precipitated 
triphenylphosphine oxide, and then the crude chloride (2.7 g) was 
isolated by evaporation of the filtrate a t  atmospheric pressure. Pu- 
rification of this material by chromatography on 75 g of silica gel 
(580 ml of petroleum ether eluent) and then bulb-to-bulb distilla- 
tion at  75' and 1.75 mm gave 1.688 g (74%) of the corresponding 
chloride as a colorless liquid which showed one volatile component 
on GLC (100'). ir (CHC13) 1670 [CH=C(CH3)], 1640,995, and 920 
cm-l (CH=CWz); NMR (CDCl3) 6 1.61 (8, 3, C-4 CH3), 3.56 (t, 2, J 
= 6 Hz, C-1 Hz), 4.8-5.3 (m, 3, C-5 H and C-9 Hz), and 5.6-6.3 (m, 

Anal. Calcd for C1OH1,Cl: C, 69.55; H, 9.92; C1, 20.52. Found: C, 
69.63; H, 9.94; C1, 20.47. 
5-Methyl-(E)-5,9-decadienoic Acid (4). The Grignard reagent 

prepared from 7.55 g (43.7 mmol) of the above chloride and 7.2 g 
(0.3 g-atom) of magnesium in 60 ml of dry tetrahydrofuran was 
poured into a slurry of 300 g of Dry Ice in 100 ml of ether, and then 
the mixture was acidified to pH 2 with 6 N aqueous hydrochloric 
acid. The mixture was extracted with 2 X 10 ml of ether, and the 
combined ethereal extracts in turn were extracted with 3 X 100 ml 
of 10% aqueous sodium hydroxide solution. After acidification of 
the basic extracts to pH 2 and isolation of the crude product by 
ether extraction,32 bulb-to-bulb distillation of the residue a t  98- 
101' and 0.15 mm gave 6.96 g (88%) of the acid 4 as a colorless oil 
that consisted of a single volatile component on GLC (160'): ir 
(CHCl3) 3400-2750 (bonded OH and CH), 1702 (C=O), 1635,990, 
and 910 cm-l (CH=CHz); NMR (CDC13) 6 1.60 (s, 3, C-5 CH3), 
4.8-5.3 (m, 3, C-6 H and C-10 Hz), 5.6-6.3 (m, 1, C-9 H), and 10.81 
(br s, 1, COzH). 

Anal. Calcd for C11Hls02: C, 72.49; H, 9.95. Found: C, 72.57, H, 
10.00. 
2,5-Dimethyl-(E)-5,9-decadienoic Acid. To a solution of lithi- 

um diisopropylamide, prepared from 13.4 ml (9.64 g, 0.095 mol) of 
diisopropylamine and 28 ml (0.088 mol) of a 3.13 M hexane solu- 
tion of n-butyllithium in 63 ml of dry tetrahydrofuran, was added 
with stirring under an argon atmosphere at  Oo a solution of 6.94 g 
(0.038 mol) of the acid 4 in 30 ml of dry tetrahydrofuran. After the 
reaction solution had stirred for 15 min, 17.2 ml (17.09 g, 0.096 
mol) of hexamethylphosphoramide, followed by 3.57 ml (8.16 g,  
0.057 mol) of methyl iodide, were added a t  O', and then the mix- 
ture was stirrecl for 2 hr a t  room temperature. After acidification 

(C-8 C=C); NMR (CDCl3) 6 1.56 (s, 1, OH), 1.63 (s, 3, C-4 CH3), 

1, C-8 H). 

to pH 2, the organic layer was separated and washed with 5 X 75 
ml of 10% aqueous hydrochloric acid solution and then extracted 
with 4 X 50 ml of 1:l 10% aqueous sodium hydroxide solution and 
saturated brine. After acidification of the basic extracts and isola- 
tion of the product by petroleum ether e x t r a c t i ~ n , ~ ~  purjfication of 
the crude product by bulb-to-bulb distillation at  111' and 0.18 mm 
afforded 7.06 g (95%) of the methylated acid which consisted of a 
single volatile component on GLC (160'): ir (CHCl3) 3400-2750 
(OH and CH), 1700 (C=O), 1640, 990, and 915 cm-' (C=C and 

(9, 3, C-5 CH3), 4.8-5.3 (m, 3, C-6 H and (2-10 Hz), 5.5-6.2 (m, 1, 
C-9 H), and 11.30 (br s, 1, C02H). 

Anal. Calcd for C1zHZoOz: C, 73.43; H, 10.27. Found: C, 73.40; H,  
10.26. 
2,5-Dimethyl-(E)-5,9-decadienal (6). Reduction of 11.68 g 

(0.06 mol) of the above methylated acid was accomplished with 
3.42 g (0.09 mol) of lithium aluminum hydride in 190 ml of dry 
ether a t  room temperature for 10 hr. After decomposition of the 
excess hydride with 8.5 ml of water, followed by the addition of 5 g 
of magnesium sulfate, filtration of the suspension, and then evapo- 
ration of the ether from the filtrate a t  reduced pressure afforded a 
colorless liquid which on bulb-to-bulb distillation at  84' and 0.3 
mm gave 10.63 g (98%) of the corresponding alcohol: ir (CHC13) 
3620 (OH), 1665 (C=C), 1635, 995, 910 (CH=CHz), and 1025 
cm-l (C-0); NMR (CDC13) 6 0.92 (d, 3, J = 7 Hz, C-2 CH3), 160 (s, 
3, C-5 CH3), 3.48 (br d, 2, J = 5 Hz, C-1 Hz), 4.8-5.3 (m, 3, C-6 H 
and C-10 Hz), and 5.5-6.2 (m, 1, C-9 H). 

Anal. Calcd for C12H220: C, 79.06; H, 12.16. Found: C, 79.15; H, 
12.26. 

Oxidationll of 1.83 g (0.01 mol) of the above alcohol was accom- 
plished with a suspension formed from 6.00 g (0.06 mol) of chromi- 
um trioxide and 9.49 g (0.12 mol) of pyridine in 50 ml of dry di- 
chloromethane. After 20 min at  room temperature, the mixture 
was filtered through 25 g of Florisil with the aid of 75 ml of ether, 
and then the filtrate was concentrated by distillation of most of 
the solvents through A 12-in. Vigreux column on the steam bath. 
The aldehyde 6, isolated from this concentrate by ether extrac- 
tie# and then bulb-to-bulb distillation of the crude product a t  
80' and 0.75 mm, amounted to 1.68 g (93%) of a colorless liquid 
which consisted of a single volatile component on GLC (120'): ir 
(CHC13) 2720 (CHO), 1720 (CEO), 1655 (C=C), 1640, 995, and 
915 cm-' (CH=CHz); NMR (CDCl3) 6 1.09 (d, 3, J = 7 Hz, C-2 
CH3), 1.61 (s, 3, C-5 CH3), 4.8-5.4 (m, 3, C-6 H and C-10 Hz), 5.5- 
6.3 (m, 1, C-9 H), and 9.63 (d, 1, J = 2 Hz, C-1 H). 

Anal. Calcd for C12HzoO: C, 79.94; H, 11.18. Found: C, 79.93; H,  
11.04. 

The aldehyde 6 was further characterized as the 2,4-dinitro- 
phenylhydrazone, mp 64-65.5' (from ethanol). 

Anal. Calcd for C18HzdN404: C, 59.99; H, 6.71; N, 15.55. Found: 
C, 59.98; H, 6.70; N, 15.62. 
2,5,6,9-Tetramethyl-l,(E)-5,9-decatriene (5). To a filtered so- 

lution of a-methallylmagnesium bromide, prepared from 39 ml 
(36.2 g, 0.4 mol) of a-methallyl bromide and 38.4 g (1.6 g-atoms) of 
magnesium in 340 ml of dry tetrahydrofuran, was added over a 5- 
hr period a solution of 24.2 g (0.1 mol) of the dibromide 313 in 75 
ml of dry tetrahydrofuran while the temperature was maintained 
at  30-35", and then the mixture was allowed to stir a t  room tem- 
perature for an additional 4 hr. After the addition of 125 ml of a 
saturated aqueous ammonium chloride solution and then 125 ml of 
saturated brine, isolation of the crude product by ether extrac- 
t i ~ n ~ ~  afforded a yellow liquid which consisted of two volatile com- 
ponents in a ratio 15:85 by GLC ( l o O D ) .  Distillation of this materi- 
al through a 6-in. Vigreux column afforded 14.2 g (74%) of the 
triene 5, bp 40-46' (0.15 mm), which consisted of >91% of a single 
volatile component on GLC (100'). The analytical sample, ob- 
tained by redistillation of this material through an 18-in. spinning 

CH=CHz); NMR (CDC13) d 1.18 (d, 3, J = 6.5 Hz. C-2 CH3), 1.61 
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column, boiled at  64' at 0.85 mm [99% one volatile component on 
GLC (10O0)]: ir (CHC13) 1645 and 885 cm-I (CH=CHz); NMR 
(CDC13) 6 1.67 (s, 3, C-5 and C-6 CH3), 1.77 (s, 3, C-2 and C-9 
CH3), 2.10 (s, 4: C-3 and C-4&), 4.72 (br S, 2, C-1  and C-lOHZ). 

Anal. Calcd for C14H24: C, 87.42; H, 12.58. Found: C, 87.52; H, 
12.49. 

2,5,6,9-Tetramethyl-(E)-j,S-decadienal (7). To a solution of 
35 g (0.183 mol) of the triene 5 in 100 ml of dry tetrahydrofuran 
cooled to 0' was added 0.09 mol of a tetrahydrofuran solution of 
disiamylborane,10 and then the mixture was allowed to warm to 
room temperature and stir for 15 hr. After the mixture was cooled 
at  O', it was treated with a solution of 12  g of sodium hydroxide in 
40 ml of water, and then with 35 ml of 30% aqueous hydrogen per- 
oxide. Isolation of the crude product by ether e x t r a c t i ~ n ~ ~  and 
then purification of this material by chromatography on 1200 g of 
Florisil gave first 20 g (57% recovery) of the triene 5 with 500 ml of 
petroleum ether. Distillation of the material eluted with 2.5 1. of 
40% ether-petroleum ether afforded 10.83 g (28%, 65% based on re- 
covered triene 5 )  of the corresponding monoalcohol, bp 111-114' 
(1.5 mm), which consisted of >95% of a single volatile component 
on GLC (140'). Evaporative distillation of a portion of this materi- 
al at 100' and 2.0 mm gave the analytical sample: ir (CHC13) 3620, 
3450, (OH), 1650, and 890 cm-I (CHCHz); NMR (CDCl3) 6 0.93 (d, 
3, J = 6 Hz, C-2 CH3), 1.43 (s, 1, OH), 1.6'7 (s, 2 X 3, C-5 and C-6 
CH3), 1.75 (br s, 3, C-9 CH3), 3.48 (d, 2, J = 5.5 Hz, C-1 &), and 
4.72 (br s, 2,  C-IO Hz). 

Anal. Calcd for C14Hze0: C, 79.94; H, 12.46. Found: C, 80.04; H, 
12.51. 

To a suspensionll of 15.04 g (0.04 mol) of pyridinium dichro- 
mate in 200 ml of dry dichloromethane was added 1.05 g (0.005 
mol) of the above alcohol in 20 ml of dry dichloromethane. After 
removal of the salts by filt,ration of the reaction mixture through 
10 g of Florisil and concentration of the filtrate by distillation at  
atmospheric pressure on the steam bath, bulb-to-bulb distillation 
of the residue at  72-76' and 025 mm afforded 0.98 g (94%) of the 
aldehyde 7 as a colorless liquid that was >90% of a single volatile 
component on GLC3l (140'). The analytical sample was obtained 
from material of similar purity from another experiment by evapo- 
rative distillation at 85' and 0.5 mm: ir (CHC13) 2720 (CHO), 1720 
(C=O), 1.650, and 890 cm-I (CH=CHz); NMR (CDCl3) 6 1.11 (d, 
3, J = 6.5 Hz, C-2 CH3), 1.67 (s, 2 X 3, C-5 and C-6 CH3), 1.75 (s, 3, 
C-9 CH3), 4.72 (br s, 2, C-10 Hz), and 9.67 (d, 1, J = 2 Hz, C-1 H); 
GLC (140') >98% single volatile component. 

Anal. Calcd for C14H240: C, 80.70; H, 11.62. Found: C, 80.65; H, 
11.76. 

The aldehyde 7 was further characterized as the 2,4-dinitro- 
phenylhydrazone, mp 102-105" (from ethanol). 

Anal. Calcd for Cp0H28N404: C, 61.84; H, 7.27; N, 14.42. Found: 
C, 61.92; H, 7.11; N, 14.49. 

4-Methyl-4-(3'-methyl-( E)-3',7'-0ctadienyl)-2-~yclohexe- 
none (8). A solution of 4.6 g (0.026 mol) of the aldehyde 6 and 4.4 g 
(0.06 mol) of pyrrolidine in 175 ml of dry benzene was refluxed 
under an argon atmosphere under a Dean-Stark water separator 
for 4 hr, and then the benzene and excess pyrrolidine were re- 
moved at  reduced pressure. The residue was dissolved in 200 ml of 
dry benzene under an argoii atmosphere, and then 3.57 g (0.05 
mol) of methyl vinyl ketone was added. After stirring at  room tem- 
perature for 2 hr and then at  reflux for 17 hr, the mixture was 
treated with a solution of 1.55 g of sodium acetate in 4.2 ml of gla- 
cial acetic acid and 5 ml of water. After 4 hr a t  reflux, this mixture 
was diluted with water, and the product was isolated by ether ex- 
traction.32 Evaporative distillation of the residue at  112-1 15' and 
0.15 mm afforded 4.97 g (84%) of the enone 8. The analytical sam- 
ple was obtained by a second evaporative distillation of a portion 
of this material under the same conditions: ir (CHCld 1665 
(C=O), 1610 (C=C), 995, and 910 cm-l (CH=CHz); uv (95% eth- 
anol) 226 nm ( e  11,200); NMR (CDC13) 6 1.15 (s, 3, C-4 CH3), 1.61 
(5, 3, C-3 CH3), 2.46 (t, 2, J = 6.5 Hz, C-6 H), 4.8-5.3 (m, 3, C-4' H 
and C-8' Hz), 5.5-6.2 (m, 1, C-7' H),  5,86 (d, 1, J = I O  Hz, C-2 H), 
and 6.68 (d, 1, J = 10 Hz, C-3 H).  

Anal. Calcd for C16Hz40: C, 82.68; H, 10.43. Found: C, 82.59; H, 
10.19. 
4-Methyl-4-(3',4',7'-trimethyl-( E)-3',7'-octadienyl)-2-~yclo- 

hexenone (9). By a similar procedure to that described above for 
the formation of the enone 8, 1.40 g (7.7 mmol) of the aldehyde 7 
was converted first to its enamine with 0.72 g (10 mmol) of pyrrol- 
idine in 55 ml of benzene, and this enamine was then condensed 
with 0.91 g (13 mmol) of methyl vinyl ketone in 40 ml of dry ben- 
zene. After hydrolysis of the reaction mixture with 0.37 g of sodi- 
um acetate in 0.75 ml of glacial acetic acid and 0.75 ml of water 

and then ether purification of the product was ef- 
fected by chromatography of the residue on 100 g of silica gel. Elu- 
tion with 2 1. of benzene afforded 1.36 g of material that consisted 
of >95% of a single volatile component on GLC (180') and which 
on bulb-to-bulb distillation at  116-124' and 0.1 mm afforded 1.16 
g (70%) of the enone 9 as a colorless liquid [>98% of a single vola- 
tile component on glpc (ISO')]: ir (CHC13) 1665 (C=O), 1610 
(C=C), and 885 cm-I (C=CHz); uv (CH3OH) 224 nm ( e  10,900); 
NMR (CDCls), 61.20 (s, 3, C-4 CH3), 1.68 (s, 2 X 3, C-3' and C-4' 
CH3), 1.77 (s, 3, C-7' CH3), 4.73 (br s, 2, C-8' Hz), 5.91 (d, 1, J = 10 
Hz, C-2 H), and 6.75 (d, 1, J = 10 Hz, C-3 H). 

Anal. Calcd for ClsHzsO: C, 83.02; H, 10.84. Found: C, 82.95; H, 
10.94. 

The enone 9 was further characterized by formation of the semi- 
carbazone, mp 136.5-138' (from 50% ethanol-water). 

Anal. Calcd for C19H31N30: C, 71.88; H, 9.84; N, 13.24. Found: 
C, 71.85; H, 9.65; N, 13.26. 

4-Methyl-4-(3'-methyI-( E)-3',7'-octadienyl)-2-cyclohexe- 
nol. The reduction of 3.87 g (16.5 mmol) of the enone 8 was accom- 
plished with 0.314 g (8.2 mmol) of lithium aluminum hydride in 60 
ml of dry ether a t  0". After decomposition of the excess hydride 
with 1:5 ml of water and then addition of 2 g of magnesium sulfate, 
the mixture was filtered and then the ether was removed from the 
filtrate a t  reduced pressure. Evaporative distillation of the residue 
at 110-112O and 0.1 mm afforded 3.82 g (98%) of the corresponding 
alcohol as a colorless liquid that consisted of two volatile compo- 
nents (epimeric a t  C-1) in the ratio of 2:l on GLC (160"): ir 
(CHCl3) 3600 (OH), 1640 (C=C), 990, 915 (CH-CHz), and 1040 
cm-l (C-0); NMR (CDC13) 6 0.96 [s, 1, C-4 CH3 (C-1 aOH)], 1.01 
[s, 2, C-4 CH3 ((2-1 POH)], 4.0-4.2 (br m, 1, C-1 H), and 4.8-6.4 (m, 
6, olefinic H). 

Anal. Calcd for C16H26O: C, 81.99; H, 11.18. Found: C, 81.82; H, 
11.20. 
4-Methyl-4-(3',4',7'-trimethyl-( E)-3',7'-octadienyl)-2-cyclo- 

hexenol. By the same procedure as that described above for the 
reduction of the enone 8, 2.56 g (9.8 mmol) of the enone 9 was re- 
duced at  0' with 190 mg (5 mmol) of lithium aluminum hydride in 
55 ml of dry ether. After the same work-up and evaporative distil- 
lation of the residue at  110' and 0.1 mm, there was obtained 2.55 
(99%) of the corresponding alcohol as a colorless liquid that also 
consisted of two volatile components in a ratio of 2:l by GLC 
(180'): ir (CHC13) 3600 (OH), 1648, and 885 cm-' (C=C and 

2, C-4 CH3 (C-1 POH)], 1.63 (s, 2 X 3, C-3' and C-4' CH3), 1.75 (s, 
3, C-7' CH3), 4.10 (m, 1, Wllz = 12 Hz, C-1 H),  4.70 (s, 2, C-8' Hz), 
and 5.63 (m, 2, C-2 H,  C-3 H). 

Anal. Calcd for C18H30O: C, 82.38; H, 11.52. Found: C, 83.20; H, 
11.48. 

Cyclization of 4-Methyl-4-(3'-methyl-(E)-3',7'-octadienyl)- 
2-cyclohexenol. A. 8afi,lOa@-Dimethyl-l,4,4aa,4bfi,7,8,8a,9,- 
10, loa-decahydrophenanthrene and Sap, 10ap-Dimethyl- 
3,4,4aa,4bfi,7,8,8a,S,lO,lOa-decahydrophenanthrene (10). To a 
solution of 117 mg (0.5 mmol) of the alcohol from ketone 8 and 6 
ml of ethylene carbonate in 2 ml of dry dichloromethane was 
added 350 p1 of stannic chloride, and the red mixture was stirred 
for 1 hr at 25'. The mixture was then poured into a solution of 25 g 
of potassium carbonate in 50 ml of methanol. After the color disap- 
peared, sufficient methanol was added to form one phase, and then 
the solution was stirred at  room temperature for 10 hr. After isola- 
tion of the product by ether there was obtained 117 
mg of a yellow oil, the GLC (150') of which consisted of two over- 
lapping peaks (corresponding to the tricyclic dienes 1.3) that com- 
prised ca. 75% of the volatile material. In addition to several less 
volatile components in minor amounts, a more volatile series of 
peaks that comprised ca. 15% of the volatile material corresponded 
to the chlorocarbon mixture 20. 

Purification of this crude mixture by chromatography on 25 g of 
silica gel afforded 61 mg (56%) of a mixture of the dienes 10 with 
60 ml of petroleum ether eluent as a colorless oil that consisted of 
>99% of these two partially resolved components on GLC (150'). 
The analytical sample was obtained by evaporative dist,illation of 
this material a t  60-64' and 0.3 mm: ir (CHC13) 1655 cm-l (C=C); 
NMR (CDC13) 6 0.81,0.91 (2 X s, 3 each, C-Sa and C-loa CH3), and 
5.33-5.95 (m, 4, vinyl H). 

Anal. Calcd for C16H24: C, 88.82; H, 11.18. Found: C, 88.76; H, 
11.17. 

Continued elution of the column with 20 ml of petroleum ether 
gave 5 mg (4%) of the epimeric chlorocarbons 20. This material was 
identified by comparison of the ir, NMR, and GLC (150') spectral 
data of this sample with those of an authentic sample prepared in 

C-CHz); NMR (CDC13) 6 0.96 [s, 1, C-4 CH3 (C-1 CYOH)], 1.01 [s, 
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an alternate experiment (see Table I). Material from the latter 
procedure was used for analytical purposes after bulb-to-bulb dis- 
tillation at  75' and 0.075 mm; ir (CHC13) 1650 cm-l (C=C); NMR 
(CDC13) 6 0.85, 0.90 ( 2  s, experiment (see Table I). Material from 
the latter procedure was used for analytical purposes after bulb- 
to-bulb distillation at  75' and 0.075 mm; ir (CHC13) 1650 cm-l 
(C=C); NMR (CDC13) 6 0.85, 0.90 (2 s, 3 each, C-8a and C-loa 
CH3), 3.75-4.75 (br m, 1, CHCl), and 5.33-6.00 (m, 2, CH=CH). 

Anal. Calcd for C16H2&1: C, 76.00; H, 9.96; C1, 14.02. Found: C, 
75.84; H,  9.74; Cl, 13.96. 

B. Variation of Product Composition with Solvent. In Table 
I are compiled 1 he results of the cyclization of the alcohol from the 
ketone 8 in various solvents and conditions. The general procedure 
used was identical with that described in part A except for the 
variations noted in Table I. Identification of the solvent-trapped 
compounds isolated is presented below. 
8a~,lOa~-Di1nethyl-7-phenyl-1,2,4a~,4ba5,6,7,8,8a,9,lO,lOa- 

dodecahydrophenanthrene (19): oil, evaporative distillation at  
121-124O (0.1 nim); ir (CHC13) 1601 and 1495 cm-l (CsH5); NMR 
(CC14) 6 0.90, 0.96 (2 s, 3 each, C-8a and C-loa CH3), 2.46-2.93 (m, 
1, C-7 H), 5.16-5.83 (m, 2 ,  C-3 and C-4 H),  and 7.08 (s, 5, ArH); 
MS (70 eV) m/e 294 (Mf). 

Anal. Calcd for C22H30: C, 89.73; H,  10.27. Found: C, 89.97; H,  
10.20. 
8a~,lOa~-Dimethyl-7-(2',2',2'-trifluoroethoxy)-1,2,4a~,4ba,- 

5,6,7,8,8a,9,10,10a-dodecahydrophenanthrene (21): oil, evapora- 
tive distillation at  107' (0.075 mm); ir (CHCl3) 1650 cm-' (C=C); 
NMR (CDC13) 6 0.83, 1.01 (2 s, 3 each, C-8a and C-loa CH3), 3.83 
(9, 2, J = 9 Hz, CHZCF~) ,  3.65 (m, 1, C-7 H),  and 5.36-5.80 (m, 2, 
C-3 and C-4 H).  

Anal. Cclcd for C18H27F30: C, 68.32; H,  8.60; F, 18.01. Found: C, 
68.45; H, 8.70; F, 18.09. 
8afl,lOap-Dimethyl-7-(2'- and 4'-methoxyphenyl)-1,2,4afi,- 

4ba,5,6,7,8,8a,9,10,1Oa-dodecahydrophenanthrene (22): oil, 
evaporative distillation at  145' (0.05 mm); ir (CHC13) 1580-1610 
cm-l (ArOCH31; NMR (CDC13) 6 0.80-1.13 (br s, 6, angular CH3), 
3.76, 3.80 (2 s, 3, OCH3), 5.36-6.03 (m, 2, C-3 and C-4 H), and 
6.73-7.36 (m, 4, ArH); MS (70 eV) m/e 324 (M+). 

Anal. Calcd for C23H320: C, 85.13; H, 9.94. Found: C, 85.11; H, 
9.97. 

The dienes 23 were analyzed as their perhydro derivatives 
formed by hydrogenation of the mixture in hexane over 10% palla- 
dium on carbon. On preparative TLC (1:1 ether-benzene) of the 
saturated products, the mixture could be separated into two com- 
ponents that consisted of the o-methoxyphenyl derivatives (Rj 0.7) 
and the p-methoxyphenyl isomers (Rt 0.6). 

cis- and  trans-4-(Zf-Methoxyphenyl)- 1 -methyl- 1 -(t'-meth- 
yllocty1)cyclohexane: oil, evaporative distillation at  160' (0.06 
mm); ir (CHC13) 1612 and 1585 cm-l (ArOCH3); NMR (CDC13) 6 
0.80-1.13 (br s, 6, methyl groups), 3.83 (s, 3, OCHs), and 6.73-7.06 
(m, 4, ArH). 

Anal. Calcd for CzaH380: C, 83.59; H, 11.59. Found: C, 83.56; H, 
11.70. 

cis- and trans-4- (4'-Methoxypheny1)- 1 -methyl- 1 -( 3'-meth- 
ylocty1)cyclohexane: oil, evaporative distillation at 160' (0.06 
mm); ir  (CHC13) 1612 and 1585 cm-l (ArOCH3); NMR (CDC13) 6 
0.80-1.13 (br s, 6, methyl groups), 3.80 (s, 3, OCH3), 7.12 (d, 2 ,  J = 
8 Hz, C-3' and C-5' H) ,  and 7.33 (d, 2,  J = 8 Hz, C-2 '  and C-6' H) .  

Anal. Calcd for C23H380: C, 83.59; H, 11.59. Found: C, 83.57; H, 
11.62. 

1-m-Methoxyphenyl- trans-spiro[2.5]octan-4-one (13). Re- 
duction of 4.03 g (0.019 mol) of the unsaturated ketone 1218 was 
accomplished with 7.07 g (0.019 mol) of sodium borohydride in 175 
ml of methanol, and after bulb-to-bulb distillation of the crude 
product a t  123' and 0.1 mm, there was obtained 3.65 (90%) of the 
corresponding allylic alcohol as a colorless oil which was homoge- 
neous by TLC (CHC13, Rf  0.08): ir (CC14) 3620 (OH) and 1665 
cm-l (C=C); NMR (CC14) 6 3.71 (s, 3, OCH3), 410 (br m, 1, C-1 
HI, and 6.31-7.43 (m, 5, C=CH- and ArH). 

Anal. Calcd for CIkH1802: C, 77.03; H, 8.31. Found: C, 76.99; H,  
8.22. 

A solution of 3.75 g (0.017 mol) of the above allylic alcohol in 25 
ml of dry ether was added to 250 ml of an ethereal solution of io- 
domethylzinc iodidez0 prepared from 22.3 ml (73.7 g, 0.275 mol) of 
diiodomethane*and 18 g of zinc-copper couple,20 and the mixture 
was stirred under an argon atmosphere for 4 hr. After the addition 
of 25 ml of saturated aqueous ammonium chloride solution, the 
product was isolated by ether extraction3z and then chromato- 
graphed on 300 g of neutral alumina (activity 111). After elution 
with 100 ml each of 2, 5, 10, 25, and 50% ether-petroleum ether, 

J.  Org. Chem., Vol. 40, No. 8, 1975 1013 

500 ml of ether eluted 3.92 g (98%) of the cyclopropyl alcohol as a 
colorless oil which consisted of a single volatile component on GLC 
(200'). The analytical sample was obtained by evaporative distilla- 
tion of a portion of this material a t  110-114' and 0.1 mm: ir 
(CHC13) 3600 (OH) and 3050 cm-l (cyclopropyl CH); NMR (CC14) 
6 0.53-0.95 (m, 2, cyclopropyl CHz), 1.91-2.25 (m, 1, cyclopropyl, 
benzyl CH), 3.21-3.48 (m, 1, CHOH), 3.75 (s, 3, OCH3), and 6.45- 
7.31 im, 4, ArH). 

Anal. Calcd for C15H20O2: C, 77.55; H, 8.68. Found: C, 77.42; H, 
8.80. 

Oxidation of this cyclopropyl alcohol was accomplished routine- 
ly on a small scale by titration of an acetone soldtion with 8 N 
aqueous chromic acid solution.24 Thus, oxidation of 2.61 mg (1.12 
mmol) of the alcohol in 15 ml of acetone afforded 186 mg (72%) of 
the ketone 13 as a colorless liquid [evaporative distillation at  104- 
108O (0.1 mm)] that consisted of a single volatile component on 
GLC (ZOO0): ir (CCL) 3050 (cyclopropyl CH) and 1685 Cm-l 
(C=O); NMR (CC14) 6 0.72-1.06 (m, 2, cyclopropyl CHd,  2.16- 
2.76 (m, 3, cyclopropyl, benzyl CH, and CHzCO), 3.76 (s, 3, OCHd, 
and 6.51-7.35 (m, 4, ArH). 

Anal. Calcd for C15H1802: C, 78.23; H,  7.88. Found: C, 78.37; H, 
7.94. 
2-(2'-m-Methoxyphenylethyl)-2-methylcyclohexanone (14). 

To a solution of 40 mg (5.7 mg-atom) of lithium in 15 ml of dry 
ammonia was added a solution of 178 mg (0.77 mmol) of the cyclo- 
propyl ketone 13 and 94 ~1 (74 mg, 1 mmol) of dry tert-butyl alco- 
hol in 5 ml of glyme. The mixture was stirred under a nitrogen at-  
mosphere for 45 min and then 180 fi1 (179 mg, 1 mmol) of hexam- 
ethylphosphoramide was added. The ammonia was then evapo- 
rated in a stream of nitrogen, and then a solution of 1 ml of methyl 
iodide in 18 ml of dry glyme was added all a t  once with vigorous 
stirring. After stirring at room temperature for 1 hr, the mixture 
was treated with 80 nil of water, and the product was isolated by 
ether extraction?* including both an acid and base wash. Purifica- 
tion of the crude product (179 mg) by chromatography on 20 g of 
silica gel afforded 109 mg (57%) of the ketone 14 as a colorless oil 
by elution with 850 ml of 50% ether-benzene. The analytical sam- 
ple was obtained by evaporative distillation of this material a t  
115-116O and 0.1 mm: ir (Ccl4) 1700 cm-l (C=O); NMR (CC14) 6 
1.08 (s, 3, C-2 CH3), 3.73 (s, 3, OCH3), and 6.46-7.26 (m, 4, ArH). 

Anal. Calcd for C16H2202: C, 78.01; H, 9.00. Found: C, 78.11; H, 
9.00. 
2-Methoxy-8a-methyl-6,7,8,8a,9,lO-hexahydrophenan- 

threne. To a solution of 246 mg (1 mmol) of the ketone 14 in 2.5 
ml of dry benzene was added 75 ml of freshly prepared polyphos- 
phoric and the mixture was heated at  50' for 1 hr. The 
reaction mixture was then poured onto 450 g of ice in water with 
stirring, and the product was isolated by benzene e ~ t r a c t i o n , ~ ~  in- 
cluding a base wash. Chromatography of the crude product on 25 g 
of silica gel afforded 208 mg (91%) of the tricyclic olefin, mp 63- 
65O, by elution with 500 ml of 1% ether-petroleum ether. The ana- 
lytical sample, obtained by crystallization of a portion of this ma- 
terial from methanol, melted a t  69-69.5': ir (CHC13) 1635 cm-' 
(C=C); NMR (CC14) 6 1.00 (s, 3, C-8a CH3), 3.75 (s, 3, CH3), 5.91 
(br t, 1, J = 3.5 Hz, C-5 H),  6.16 (d, 1, J1,3 = 2 Hz, C-1 H),  6.70 (d 
o f d , 1 , 5 ~ , 4 = 5 ~ , 3 = 2 H ~ , C - 3 H ) , 7 . 4 3 ( d , 1 , 5 3 , 4 = 7 H ~ , C - 4 H ) .  

Anal. Calcd for C16H200: C, 84.16; H,  8.83. Found: C, 84.01; H, 
8.80. 
2-Methoxy-8a~-methyl-4ba,5,6,7,8,8a,9,1O-octahydrophe- 

nanthrene (15). A solution of 173 mg (0.75 mmol) of the tricyclic 
olefin above in 32 ml of hexane containing 50 mg of 10% palladium 
on carbon as stirred in a hydrogen atmosphere at  room tempera- 
ture and atmospheric pressure for 2 2  hr. After the catalyst was re- 
moved by filtration and the solvent was removed from the filtrate 
a t  reduced pressure, bulb-to-bulb distillation of the residue at  98' 
and 0.08 mm afforded 167 mg (96%) of a colorless liquid which 
consisted of two volatile com'ponents on GLC (200') in a ratio of 
92:8. A sample of the major component-the tricyclic ether 15- 
was obtained by preparative GLC (200') and analytical GLC 
(200') showed a single volatile component in >99% yield: ir (CC14) 
1610 and 1575 cm-l (C=C, Ar); NMR (Cc14) 6 0.71 (s, 3, C-8a 
CH3), 3.70 (9, 3, OC&), 6.50 (d, 1,51,3 = 2 Hz, C-1 H), 6.55 (d of d,  
1, J1,3 = 2 ,  J3,4 = 9 Hz, C-3 H),  and 6.98 (d, 1, J 3 , 4  = 9 Hz, C-4 H); 
i 1 , 4  = 0.54 ppm (trans isomer).Z3 

Anal. Calcd for CleH220: C, 83.43; H,  9.63. Found: C, 83.35; H, 
9.52. 
8ap-Methyl-4,4ap,4bau,5,6,7,8,8a,9,lO-decahydro-2(3~-phe- 

nanthrenone (16). A solution of 167 mg (0.73 mmol) of a 92:8 
mxture of the trans/& isomers of the tricyclic ether 15 and 20 ml 
of dry tert-butyl alcohol in 25 ml of dry tetrahydrofuran was 
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added over 10 min to a solution of 240 mg (34 mg-atoms) of lithi- 
um in 62 ml of dry ammonia under a nitrogen atmosphere. The 
blue mixture was stirred for 3.5 hr, and then 25 ml of methanol was 
added to discharge the blue color. After the ammonia was removed 
in a stream of nitrogen on the steam bath, the residue was diluted 
with water, and the product was isolated by benzene 
The resulting crude product was dissolved in 130 ml of methanol; 
55 ml of 5 N hydrochloric acid solution was added, and then the 
mixture was heated under reflux for 2 hr. After dilution of the mix- 
ture with 200 ml of saturated brine, the product was isolated by 
benzene e x t r a c t i ~ n , ~ ~  including a base wash. Crystallization of the 
residue from ether-hexane afforded 105 mg (74%) of the enone 16 
in two crops of 91 mg (mp 125-128') and 14 mg (mp 120-123'), 
both of which consisted of a single volatile component on GLC 
(200O). The analytical sample, obtained after one further crystalli- 
zation of a portion of the first crop material from ether-hexane, 
melted at 126-128' (lit.2z mp 125-127'): ir (CHC13) 1660 (C=O) 
and 1615 cm-l (C=C); NMR (CDC13) 6 0.98 (s, 3, C-8a CH3) and 
5.86 (br s, 1, C-1 H);  uv (CH30H) 243 nm (6 14,400). 

Anal. Calcd for CljHzzO: C, 82.52; H, 10.16. Found: C, 82.58, H,  
10.07. 

8a@, lOa@-l)imethyl-3,4,4a~,4ba,5,6,7,~,8a,9,lO,lOa-dodecahy- 
dro-2-phenanthryl N,N,N'N'-Tetramethyldiamidophospho- 
rodiamidate (17). A solution of 55 mg (0.25 mmol) of the enone 16 
in 4 ml of dry ether was added dropwise over 15 min to a solution 
of lithium dimethylcuprate, prepared from 625 pl (1.25 mmol) of a 
2 M ethereal methyllithium solution and 119 mg (0.625 mmol) of 
copper(1) iodide in 6 ml of dry ether. After the mixture was stirred 
under a nitrogen atmosphere for 2 hr a t  Oo, 0.2 ml of hexamethyl- 
phosphoramide was added, and then a solutionZ8 of 0.4 ml of 
N,N,N',N'-tetramethyldiamidophosphorochloridate in 1 ml of dry 
ether was added dropwise over 5 min. After stirring for 2.5 hr a t  
room temperature, the mixture was diluted with 50 ml of dilute 
aqueous ammonium hydroxide solution, and the product was iso- 
lated by ether extraction, including both an acid and base wash. 
Chromatography of the residue (87 mg) on 10 g of silica gel (ether, 
100 ml, followed by 3:2 ether-ethyl acetate, 150 ml) afforded a col- 
orless oil which on evaporative distillation at 117' and 0.06 mm 
gave 76 mg (86%) of the phosphoradiamidate 17 which consisted of 
>97% of a single volatile component on GLC (230'): ir (CHC13) 
1675 cm-l (C=C); NMR (CDC13) 6 0.81 (s, 3, C-8a CH3), 1.06 (s, 3, 
C-loa CH3), 2.68 (d, 12,  J = 10 Hz, NCHz), and 5.03 (br s, 1, C-1 
HI. 

Anal. Calcd for CzoH37NzOzP: C, 65.18; H,  10.12; N, 7.60; P, 8.40. 
Found: C, 65.05; H, 10.06; N, 7.52; P, 8.31. 

Sap, 1 Oafl-Dimethyl-3,4,4ap,4 ba,5,6,7,8,8a,S,lO, 1 Oa-dodecahy- 
drophenanthrene. To a solution of 25 mg (3.6 g-atoms) of lithium 
in 40 ml of dry ethylamine was added a solution of 69 mg (0.19 
mmol) of the phosphorodiamidate 17 and 0.1 ml of dry tert-butyl 
alcohol in 6 ml of dry tetrahydrofuran, and the reaction mixture 
was stirred under a nitrogen atmosphere for 2.5 hr. After the addi- 
tion of 10 ml of ethanol, the ethylamine was removed in a stream 
of nitrogen, and the mixture was then diluted with 50 ml of water. 
After isolation of the product by petroleum ether extraction,3* in- 
cluding an acid and base wash, and then filtration of the residue 
through 2 g of silica gel with petroleum ether, bulb-to-bulb distilla- 
tion of the resulting oil at 74' and 0.55 mm afforded 35 mg (83%) 
of colorless liquid which consisted of a single volatile component 
on GLC (170'): ir (CHC13) 1645 cm-l (C=C); NMR (CDC13) 6 0.83 
(s, 3, C-8a CH3), 1.05 (s, 3, C-loa CH3), 5.26 (d, 1, JI,Z = 7 Hz, C-1 
H),  and 5.63 (d of m, 1 , J1 , z  = 7 Hz, C-2 H). 

Anal. Calcd for C16H26: C, 88.00; H, 12.00. Found: C, 87.96; H, 
11.90. 
8a@,lOap-Dimethyl-4aP,4ba-perhydrophenanthrene (18). A. 

From the Tricyclic Dienes 10. A solution of 49 mg (0.23 mmol) 
of the dienes 10 in 5 ml of ethanol in which was suspended 10 mg 
of 10% palladium on carbon was sT,irred in an atmosphere of hydro- 
gen a t  room temperature and atmospheric pressure for 1 hr. After 
removal of the catalyst and then evaporation of the ethanol at re- 
duced pressure, the residue (48 mg) was chromatographed on 1.5 g 
of silica gel impregnated with 10% silver nitrate. Elution with 15 
ml of petroleum ether and then bulb-to-bulb distillation (73-75' 
a t  0.35 mm) of the residue remaining after solvent evaporation af- 
forded 40 mg (80%) of the hydrocarbon 18 as a colorless oil: ir 
(neat) 2950, 1450 (CH), and 1375 cm-I (CH3); NMR (CDC13) 6 
0.73 and 1 00 (2 s, 3 each, C-8a and C-loa CH3). 

Anal. Calcd for C&2$ C, 87.19; H, 12.81. Found: C, 87.22; H,  
13.00. 

The properties [TLC, GLC (170'), ir, NMR] of this material 
were identical with those of the authentic sample prepared below. 

B. From the Tricyclic Olefin. A solution of 30 mg (0.14 mmol) 
of the tricyclic olefin prepared above in 8 ml of hexane in which 
was suspended 10 mg of 10% plladium on carbon was stirred in an 
atmosphere of hydrogen as above in part A for 5 hr. After the same 
work-up there resulted 30 mg (100%) of the hydrocarbon 18 which 
showed idntical ir (neat), TLC (petroleum ether), and NMR 
(CDC13) with the material prepared in part A and on GLC (170') 
the two samples were indistinguishable by peak e n h a n ~ e m e n t . ~ ~  

Cyclization of 4-Methyl-4-(3',4',7'-trimethyl-( E)3',7'-octadi- 
enyI)-2-cyclohexenol. A solution of 198 mg (0.76 mmol) of the al- 
cohol from the ketone 9 in 85 ml of dry dichloromethane was 
cooled to -78', and then 150 pl of stannic chloride was added. 
After stirring a t  -78' for 1 hr, the mixture was warmed to -6' in 
an ice-salt bath, and stirring was continued for 0.5 hr. The mixture 
was then poured into 50 ml of water and 15 g of potassium carbon- 
ate, and after stirring for 0.5 hr, the layers were separated and the 
aqueous layer was extracted twice with 30-ml portions of dichloro- 
methane. After the combined organic layers were washed with 
water and then dried (MgS04), evaporation of the solvent a t  re- 
duced pressure afforded 199 mg of a colorless oil. On GLC (180') 
this oil consisted of seven volatile components, one of which com- 
prised ca. 76% of the material. On chromatography of this product 
on 55 g of silica gel, the first 50 ml of petroleum ether eluted 41 mg 
of material judged to contain >75% of the major component on 
GLC (180'1, and then 35 mg (19%) of material that consisted of 
>98% of the single major volatile component on GLC (180') was 
eluted with an additional 155 ml of the same eluent. Rechromato- 
graphy on neutral alumina (activity I) (petroleum ether) or prepar- 
a t i ~ e ~ ~ ~  GLC (200°, retention time 17.6 min) of the first 41-mg 
fraction afforded additional quantities of the major component in 
>99% homogeneity by GLC (180'). The total isolated yield of this 
major component, 2,4aa,8a@,lOap-tetramethyl-l,4,4a,4b&7,8,- 
8a,9,10,10a-decahydrophenanthrene (1 l), by these procedures 
was 58 mg (32%). 

The analytical sample, prepared by evaporative distillation of 
the material at 102' and 0.6 mm, solidified on storage at -20' and 
melted a t  44-47O: ir (CHC13) 1670-1650 cm-1 (C=C); NMR 
(CDC13) 6 0.83 (s, 3) and 0.91 (s, 2 X 3) (C-4a, C-8a, and C-loa 
CH3), 1.67 (br d, 3, J = 3 Hz, C-2 CH3), 5.28 (m, 1, W ~ , Q  = 7.5 Hz, 
C-3 H),  and 5.56-5.96 (m, 2, C-5 and C-6 H). 

Anal. Calcd for C18HZs: C, 88.45; H,  11.55. Found: C, 88.55; H, 
11.42. 
12-m-Methoxyphenyl-2,5,6,9-tetramethyl-( E,E)-B,g-dode- 

cadienoic Acid. To a solution of lithium diisopropylamide [pre- 
pared from 1.44 ml (1.045 g, 10.35 mmol) of dry diisopropylamine 
and 4.31 ml (9.28 mmol) of a 2.13 M hexane solution of n-butylli- 
thium] in 6 ml of dry tetrahydrofuran under an argon atmosphere 
was added a t  -5 to 2' 1.424 g (4.14 mmol) of 12-m-methoxy- 
phenyl-5,6,9-trimethyl-(E,E)-5,9-dodecadienoic acid, which 
was obtained in 88% overall yield by Collins'l and then silver oxide 
oxidation of the alcohol 24, and was an oil [evaporative distillation 
a t  184' (0.0005 mm)]: ir (CHC13) 3400-2800 (CH and bonded OH) 
and 1710 cm-l (C=O); NMR (CDC13) 6 1.60 (masked d, 3, C-9 
CH3), 1.63 (s, 2 X 3, C-5 and C-6 CH3), 3.80 (s, 3, OCH3), 5.21 (br t ,  
1, J = 9 Hz, C-10 H), and 6.61-7.41 (m, 4, ArH). Anal. Calcd for 
CzzH3203: C, 76.70; H, 9.36. Found: C, 76.79; H,  9.38. After 15 min 
1.04 ml of hexamethylphosphoramide and then 0.37 ml (0.85 g, 6 
mmol) of dry methyl iodide were added, and the resulting mixture 
was stirred at 23" for 1.5 hr. Isolation of the product by ether ex- 
traction,32 including an acid wash, afforded 1.43 g (97%) of the 
methylated acid as an oil that was not further purified but used di- 
rectly in the following experiment. An analytical sample was ob- 
tained by evaporative distillation of a portion of this material a t  
178' and 0.0005 mm: ir (CHC13) 3450-2620 (CH and bonded OH) 
and 1705 cm-l (C=O); NMR (CDC13) 6 1.21 (d, 3, J = 7 Hz, C-2 
CHs), 1.60 (masked d, 3, C-9 CH3), 1.63 (s, 2 X 3, C-5 and C-6 
CH3), 3.80 (s, 3, OCH3), 5.20 (br t, 1, J = 6.5 Hz, C-10 H),  and 
6.61-7.41 (m, 4, ArH). 

Anal. Calcd for C23H3403: C, 77.05; H, 9.56. Found: C, 77.16; M, 
9.61. 

12-m-Methoxyphenyl-2,5,6,9-tetramethyl-( E,E)-5,9-dode- 
cadienal. The reduction and oxidation of the above methylated 
acid was accomplished in the same manner as that described above 
for the formation of the aldehyde 6. Thus, reduction of 1.41 g (3.96 
mmol) of the above carboxylic acid with 228 mg (6 mmol) of lithi- 
um aluminum hydride in 25 ml of dry ether afforded 1.27 g (94%) 
of the corresponding alcohol which consisted of >93% of a single 
volatile component on GLC (280') after chromatography on 100 g 
of Florisil with 1.1 1. of 20% ether-petroleum ether. The analytical 
sample was obtained by bulb-to-bulb distillation of a portion of 
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this material a t  160' and 0.0008 mm: ir (CHCl3) 3620 (OH) and 
1670 cm-l (C==C); NMR (CDC13) 6 0.95 (d, 3, J = 6 Hz, C-2 CH3), 

and C-6 CH3), 3.52 (d, 2, J = 5 Hz, C-1 H2), 3.83 (s, 3, OCH3), 5.23 
(t, 1, J = 6 Hz, C-10 H), and 6.61-7.41 (m, 4, ArH). 

Anal. Calcd for C23H3602: C, 80.18; H, 10.53. Found: C, 80.05; H, 
10.62. 

Oxidation of 250 mg (0.73 mmol) of this alcohol with a solution 
of chromium trioxide-dipyridine complexll [prepared from 500 mg 
(5 mmol) of chromium trioxide and 796 p1 (791 mg, 10 mmol) of 
pyridine] in 14.5 ml of dry dichloromethane afforded 227 mg (92%) 
of the methylated aldehyde as an oil which consisted of >97% of a 
single volatile component on GLC (280') after evaporative distilla- 
tion at  153' and 0.001 mm: ir (CHC13) 2720 (CHO), 1725 (C=O), 
and 1670 cm-l (C=C); NMR (CHC13) 6 1.11 (d, 3, J = 6 Hz, C-2 
CH3), 1.60 (d, 3, J = 1.5 Hz, C-9 CH3), 1.63 (s, 2 X 3, C-5 and C-6 
CH3), 3.80 (s, 3, OCH3), 5.20 (t, 1, J = 5.5 Hz, C-10 H),  6.61-7.41 
(m, 4, ArH), and 9.65 (d, 1, J = 2 Hz, C-1  H). 

Anal. Calcd for C23H3402: C, 80.65; H, 10.01. Found: C, 80.67; H, 
10.10. 

4-Methyl-4..( l0'-m-methoxyphenyl-3',4',7'-trimethyl-(E,~- 
3',7'-decadienyl)-2-cyclohexenone (25). By a similar procedure 
to that described above for the formation of the enone 8, the enam- 
ine of the above aldehyde [prepared from 1.40 g (4.1 mmol) of the 
aldehyde and 453 1 1  (386 mg, 5.44 mmol) of dry pyrrolidine by 
heating for 2.5 hr in 50 ml of dry benzene under a Dean-Stark 
water separator] and 622 ~1 (538 mg, 7.68 mmol) of methyl vinyl 
ketone in 50 ml of dry benzene was heated under reflux for 17 hr, 
and then a solution of 0.25 g of sodium acetate and 0.5 ml of water 
in 0.5 ml of glacial acetic acid was added, whereupon heating was 
continued for an additional 4 hr. Chromatography of the crude 
product on 160 g of silica gel afforded 1.48 g (92%) of the enone 25 
with 1 1. of 16% ether-petroleum ether after forefractions of 1 (100 
ml), 2 (100 ml), 4 (100 ml), 8 (1800 ml), and 12 (750 ml) of ether- 
petroleum ether. This material consisted of >94% of a single vola- 
tile component on GLC (290'). The analytical sample was oh- 
tained by evaporative distillation at  194' and 0.0025 mm: ir 
(CHC13) 1675 cm-l (C=O); NMR (CDC13) 6 1.16 ( s ,  3, C-4 CH3), 
1.60 (d, 3, J = 1.5 Hz, C-7' CH3), 1.63 (s, 2 X 3, C-3' and C-4' CH3), 
3.80 (s, 3, O W 3 ) ,  5.21 (t, 1, J = 6 Hz, C-8' H), 5.90 (d, 1, J = 10 
Hz, C-2 H), 6.73 (d, 1, J = 10 Hz, C-3 H), and 6.63-7.50 (m, 4, 
ArH). 

Anal. Calcd for C27H3802: C, 82.18; H, 9.71. Found: C, 82.25; H, 
9.69. 

4-Methyl-4-( l0'-m-methoxyphenyl-3',4',7'-trimethyl-(E,E)- 
3',7'-decadienyl)-2-cyclohexenol. Reduction of 2.10 g (5.3 mmol) 
of the enone 25 with 103 mg 2.7 mmol) of lithium aluminum hy- 
dride in 45 ml of dry ether a t  0' afforded 2.09 g (99%) of the corre- 
sponding allylic alcohol as an oil that decomposed on GLC, but 
showed one spot on TLC (50% ether-petroleum ether). The ana- 
lytic sample was prepared by evaporative distillation of a porton of 
this material a t  205' and 0.001 mm: ir (CHC13) 3590 (OH), 1670, 
and 1650 cm-l (C=C); NMR (CDC13) 6 0.96 (s, 0.4 X 3, C-4 CH3 in 
aC-1 OH), 1.01 (s, 0.6 X 3, C-4 CH3 in PC-1 OH), 1.60 (d, 3, J = 1.5 
Hz, C-7' CH3), 1.63 (s, 2 X 3, C-3' and (2-4' CH3), 3.80 (s, 3, OCHs), 
4.16 (m, 1, C-1 H),  5.20 (t, 1, J = 5 Hz, C-8' H), 5.60 (m, 2, C-2 and 
C-3 H),  and 6.61-7.40 (m, 4, ArH). 

Anal. Calcd forC22H4002: C, 81.77; H, 10.17. Found: C, 81.68; H,  
10.16. 

3-Methoxy. 6b,9,8afl,12ba,l4aa-tetramethyl-5,6,6aa,6b,7,8,- 
8a,9,10,12a~,12b,13,14,14a-tetradecahydropicene (26). To a so- 
lution of 240 rng (0.61 mmol) of the above allylic alcohol in 24 ml of 
dry dichloromethane cooled to -63.5' (cryostatic chloroform bath) 
was added 13.5 ml of a 0.1 M dichloromethane solution of stannic 
chloride precooled to -63.5', followed 30 sec later by 40 1 1  of di- 
methyl carbonate. After stirring for 15 min, the mixture was 
poured into 75 ml of 20% aqueous potassium hydroxide solution, 
and then the product was isolated by ether e x t r a c t i ~ n . ~ ~  Chroma- 
tography of the crude product (240 mg) on 20 g of silica gel afford- 
ed 112 mg of a mixture [GLC (300') showed four major volatile 
components in a ratio of 2:1:2:6] with 150 mi of 10% ether-petrole- 
um ether. Rechromatography (25% benzene-petroleum ether, 40 
ml) of this material on 14 g of silica gel impregnated with 10% sil- 
ver nitrate gave 38 mg in which the last major volatile component 
represented 85% of the mixture on GLC (300O). Trituration of this 
mixture in ether a t  -20' gave 28 mg (12%) of the pentacyclic olefin 
26, mp 185-188', which consisted of >98% of a single volatile com- 
ponent on GLC (300'). The analytical sample, obtained after crys- 
tallization of this material from ether-dichloromethane and then 
ether-hexane, melted at  186-190': ir (CHC13) 1655 (w, C=C), 

1.38 (s, 1, OH), 1.60 (d, 3, J = 1.5 Hz, C-9 CH3), 1.65 (s, 2 X 3, C-5 
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1602, and 1575 em-' (Ar); NMR (CDC13) 6 0.90. 0.93, 1.05, 1.21 (4  
s, 3 each, C-6b, C-8a, C-12b, and C-14a CH3), 2.66-3.13 (m, 2, C-5 
Hz), 3.75 (s, 3, OCH3), 5.60-5.80 (m, 2, C-11 and C-12 H),  and 
6.50-7.30 (m, 3, ArH). 

Anal. Calcd for C27H380: C, 85.66; H, 10.12. Found: C, 85.66; H, 
10.25. 
3-Methoxy-6b~,8a~,12ba,l4aa-tetramethyl-5,6,6aa,6b,7,8,- 

8a,9,10,11,12,12a/3,1 2b, 13,14,14a-hexadecahydro- 1 1 /3-picenol. 
l'o a solution of 59 mg (0.16 mmol) of the pentacyclic olefin 26 in 
1.5 ml of dry tetrahydrofuran cooled to 0' under an argon atmo- 
sphere was added 1.5 ml of an 0.85 M tetrahydrofuran solution of 
diborane, and the mixture was stirred for 9 hr. After decomposi- 
tion of the excess dihorane with 0.75 ml of water, the mixture was 
treated with 3 ml of 20% aqueous sodium hydroxide solution and 3 
ml of 30% hydrogen peroxide, and the resulting solution was al- 
lowed to stir a t  room temperature for 4 hr. After isolation of the 
product by ether e ~ t r a c t i o n , ~ ~  the residue (75 mg) was separated 
into two components by preparative TLC (40% ether-petroleum 
ether): band A (R f  0.3, 18 mg, 22%) and band B ( R f  0.2, 48 mg, 
71%). 

Crystallization of the material from band B from acetone afford- 
ed 40 mg (64%) of the 110-alcohol: mp 190-192.5'; ir (CHC13) 3600 
(OH), 1602, and 1575 cm-l (Ar); NMR (CDC13) 6 0.96, 1.00, 1.11, 
1.20 (4 s, 3 each, C-6b, C-8a, C-l2b, and C-14a CH3), 2.66-3.16 (m, 
2,  C-5 Hz),  3.75 (s, 3, OCHs), 3.93 (m, 1, Wll2 = 22 Hz, C-11 H), 
and 6.46-7.30 (m, 3, ArH). 

9.97. 
Anal. Calcd for C27H4002: C, 81.77; H, 10.17. Found: 9,  81.78; H,  

The material in band A was not further purified but was judged 
to be the corresponding 12p (axial) alcohol from the regeneration 
of the olefin 26 by treatment with phosphorus oxychloride in pyri- 
dine and the spectra: ir (CHC13) 3600 (OH), 1602, and 1575 cm-l 
(Ar); NMR (CDC13) 6 0.98, 1.00, 1.20, 1.25 (4 s, 3 each, C-6b, C-8a, 
C-12h, and C-14a CH3), 2.66-3.16 (m, 2, C-5 Hz), 3.76 (s, 3, OCHa), 
4.23 (m, 1, Wll2 = 7 Hz, C-12 H), and 6.46-7.44 (m, 3, ArH). 

lO-Methoxy-4aP,6ba, 12bp,14aa-tetramethyl-3,4,4a,5,6,6a,- 
6ba,7,8,12b, 13,14,14a,l4b/3-tetradecahydro-2( la)-picenone 
(27). A solution of 75 mg (0.19 mmol) of the lip-alcohol above in 8 
ml of dry acetone cooled to 0' was treated with excess 8 N aqueous 
chromic acid solution24 (persistent brown-yellow coloration) and 
then stirred for 15 min. After decomposition of the excess oxidant 
with isopropyl alcohol, the product was isolated by ether extrac- 
t i ~ n . ~ ~  On crystallization of the residue from acetone there re- 
sulted 68 mg (92%) of the ketone 27, mp 200.5-204.5', which 
showed one spot on TLC (20% ether-petroleum ether, Rf 0.2). The 
analytical sample, obtained after one further crystallization from 
acetone, also melted over the same range: ir (CHC13) 1700 cm-l 
(C=O); NMR (CDC13) 6 0.83, 1.00, 1.20, 1.26 (4 s, 3 each, C-4a, C- 
6a, C-12b, and C-14a CH3), 2.20-2.56 (m, 4, C-1 and C-3 Hz), 
2.66-3.20 (m, 2, C-8 Hz), 3.73 (s, 3, OCHs), and 6.46-7.26 (m, 3, 
ArH). 

Anal. Calcd for Cz~H3802: C, 82.18; H, 9.71. Found: C, 82.03; H,  
9.68. 

X-Ray Structure  of 3,4,4a,5,6,6a$b/3,7,8,12 b,13,14,14a,- 
14ba Tetradecahydro-lO-methoxy-4ba,6aa,l2ba,l4a~-tetra- 
methyl-2( lH)-picenone (1). Unit cell dimensions were obtained 
from least-squares refinement of the 28 angles of 36 reflections 
measured on a Datex automated General Electric diffractometer. 
Unit cell parameters are a = 50.1255 f 0.0016 A; b = 7.5886 f 
0.0003 %.; c = 11.4010 f 0.0004 A; (3 = 90.504 f 0.002'. 

The absence of hhl reflections for h + k odd and hl for h odd in- 
dicated that the space group is C2/C/ The crystal density was 
found to be 1.23 f 0.02 g ~ m - ~ .  The calculated density is 1.21 g 
cm-3 for eight molecules of molecular weight 394.603 per unit cell. 

Intensity data were collected by the 8-28 scan method with iron- 
filtered Co KO radiation ( A  1.79021 &. Reflections were collected 
to a maximum value of 28 = 135' with a scan rate in 28 of 2' 
min-l. Three reflections monitored at regular intervals during the 
data collection showed no significant variation in intensity. 

The intensities of 2505 reflections were measured. The intensi- 
ties of 186 of thee were found to be less than one standard devia- 
tion above background and were assigned a value of zero with zero 
weight throughout the refinement. The data were corrected for Lo- 
rentz-polarization effects but not for absorption (1 = 8.8 cm-l). 
The data were placed on an absolute scale by Wilson's method.36 A 
Howells, Phillips, and Rogers' plot37 confirmed that the crystal is 
centrosymmetric. 

The phases of 253 reflections with an E value greater than 1.50 
were assigned by the CRYM3s symbolic addition39 program. The 
phase assignment with the smallest conflict ratio gave an E map in 
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w h i c h  27 o f  the  heavier atoms were located. Least-squares ref ine- 
m e n t  of t h e  coordinates a n d  isotropic temperature factors con- 
verged a t  a n  R i ndex  of 0.168%. In t h e  last  cycle o f  ref inement t h e  
average sh i f t  o f  a ref ined parameter, except fo r  a t o m  C(2), was 0.56 
o f  t h e  est imated standard deviat ion o f  t h a t  parameter.  T h e  
weighted R index was 12.4%, a n d  the  goodness-of-fit was 7.2. T h e  
average standard deviat ion in atomic posi t ion is 0.008 .&, t h e  aver- 
age standard deviat ion in b o n d  length  is  0.011 .&, a n d  the  average 
s tandard  deviat ion in b o n d  angle i s  0.7°.40 

Acknowledgment. The support of this work by the 
Hoffmann-La Roche Foundation and the National Science 
Foundation is gratefully acknowledged. Fellowship support 
from the Xational Institutes of Health was greatly appre- 
ciated. The authors are grateful for the interest and assis- 
tance of Dr. Richard E. Marsh in the X-ray work. 

R e g i s t r y  No.-1, 50676-11-4; 2, 53359-96-9; 3, 6044-73-1; 4, 
54062-32-7; 5 ,  54062-33-8; 5 m o n o - O H  analog, 54062-34-9; 6, 

54062-38-3; 8, 54062-39-4; 8 c i s - O H  analog, 54062-40-7; 8 t rans-  
O H  analog, 54141-80-9; 9, 54062-41-8; 9 semicarbazone, 54062-42- 
9; 9 &-OH analog, 54062-43-0; 9 t r a n s - O H  analog, 54141-81-0; 10 
Az isomer, 54062-44-1; 10 A1 isomer, 54062-45-2; 11 ,  54062-46-3; 
12, 54062-47-4; 12 OH analog, 54062-48-5; 13, 54062-49-6; 13 O H  
analog, 54062-50-9; 14, 54062-51-0; t rans- 15, 54062-52-1; cis- 15, 
54062-53-2; 16, 54141-82-1; 17, 54062-54-3; 18, 54062-55-4; 19, 
54062-56-5; 20  01 epimer, 54062-57-6; 20 8 epimer,  54141-83-2; 21, 
54062-58-7; 22 or tho  isomer, 54062-59-8; 22 para  isomer, 54062- 
60-1; 24, 54062-61-2; 25, 54062-62-3; 25 OH analog, 54062-63-4; 26, 
54062-64-5; 27, 54062-65-6; 4-methyl-(E)-4,8-nonadienol 54062- 
66-7; l-chloro-4-methyl-(E)-4,8-nonadiene, 54062-67-8; 2,5-di- 
methyl-(E)-5,9-decadienoic acid, 54062-68-9; cis-4-(2'-methoxy- 
phenyl)-l-methyl-l-(3'-methyloctyl)cyclohexane, 54062-69-0; 
t rans  -4-(2'-methoxyphenyl)-l-meth~l-l-(3'-methyloctyljcyclohex- 
ane, 54062-70-3; czs-4-(4'-methoxyphenyl)-l-methyl-l-(3'-methyl- 
octyl)cyclohexane, 54062-71-4; tran~-4-(4'-methoxyphenyl)-l- 
methyl-l-(3'-methyloctyl)cyclohexane, 54062-72-5; 2-methoxy- 
8a-methyl-6,7,8,8a,9,1O-hexahydrophenanthrene, 54062-73-6; 
1Y,.~',~~',~~r'-tetramethyldiamidophosphorochloridate, 1605-65-8; 
8a9,10a~-dimethyl-3,4,4a~,4bo(,5,6,7,8,8a,9,10, loa-dodecahydro- 
phenanthrene, 54062-74-7; 12-m-methoxyphenyl-2,5.6,9-tetra- 
methyl-(E,E)-5,9-dodecadienoic acid, 54119-84-5; 12-rn-methoxy- 
phenyl-5,6,9-trimethyl-(E,E)-5,9-dodecadienoic acid, 54062-75-8; 
12-rn-methoxyphenyl-2,5,6,9-tetramethyl-(E, E )  -5.9-dodecadienol, 
54083-29-3; 12-m-methoxyphenyl-2,5,6,9-tetramethyl-(E,E)~5,9- 
dodecadienal, 54083-30-6; 3-methoxy-6b3,8a~,12ba,l4aB-tetra- 
methy1-5,6,6aa,6b,7,8,8a,9,10,11,12,12a~, 12b. 13,14,14a-hexadec- 
ahydro- l lb -p iceno l ,  54062-76-9; 3-methoxy-6b3,8aB,12ba,l4a3- 
tetramethy1-5,6,6acr,6b,7,8,8a,9,10,11,12,12a~,12b,13,14,14a-hexa- 
decahydro-128-picenol, 54062-77-0; 2,5-dimethyl-(E)-5,SFdecadi- 
enol, 54062-78-1. 

54062-35-0; 6 2,4-DNP, 54062-36-1; 7, 54062-37-2; 7 2,4-DNP, 

S u p p l e m e n t a r y  M a t e r i a l  A v a i l a b l e .  Tables 111-VI1 contain- 
i n g  t h e  observed a n d  calculated structure factors, t h e  heavier a t o m  
parameters, t h e  hydrogen a t o m  coordinates, t h e  b o n d  distances 
a n d  angles, a n d  the  least-squares plane o f  the aromatic r ing,  re -  
spectively, w i l l  appear fo l lowing these pages in the m i c r o f i l m  edi-  
t i o n  o f  this volume o f  t h e  journal .  Photocopies of t h e  supplementa- 
ry mater ia l  f r o m  th is  paper o n l y  or microf iche (105 X 148 mm, 24X 
reduction, negatives) containing a l l  o f  t h e  supplementary mater ia l  
fo r  t h e  papers in th is  issue m a y  be  ob ta ined f r o m  t h e  Journals D e -  
par tment ,  Amer ican Chemical  Society, 1155 1 6 t h  St., N.W., Wash- 
ington, D.C. 20036. R e m i t  check or money order f o r  $4.50 f o r  pho-  
tocopy or  $2.50 fo r  microfiche, re fe r r ing  t o  code n u m b e r  JOC-75- 
1007. 

References and Notes 
The structural formulas containing one or more asymmetric carbon 
atoms depict one enantiomer, but refer to racemic compounds unless 
otherwise designated. In the text the (i) prefix will be omitted, and inter- 
mediates are assumed to be racemic. The tricyclic compounds will be 
described by the phenanthrene nomenclature, and each racemate is ar- 
bitrarily represented by that enantiomer that has the C-4b methyl group 
in !he cr configuration. The pentacyclic compounds will be described by 
the picene nomenclature, and each racemate is arbitrarily represented 
by that enantiomer that has the C-14a methyl group, respectively, in the 
01 configuration. In discussions, where naturally occurring trlterpenes 
are involved, the nomenclature and numberin suggested by S. Alired 
and G. Ourisson [Tetrahedron, 1, 277 (1957)f will be used as neces- 
sary. 
Postdoctoral Fellow of the National institute of General Medical Sci- 

ences (GM 50467) of the National Institutes of Health, 1972-1974. 
(3) Predoctoral Trainee of the National Institute of General Medical Sci- 

ences of the National Institutes of Health, 1969-1973. 
(4) R. E. Ireland, P. Bey, K,-F. Cheng, R. J. Czarny, J.-F. Moser, and R. I. 

Trust, J. Org. Cbem., 40, 1000 (1975). 
(5) W. S. Johnson, Acc. Cbem. Res., 1, 1 (1968). 
(6) R. E. Ireland, M. I. Dawson, S. C. Welch, A. Hagenbach, J. Bordner, and 

B. Trus, J. Am. Chem. SOC., 95, 7829 (1973). 
(7) R. E. Ireland, M. I, Dawson, C. J. Kowalski, C. A. Lipinski, D. R. Marshall, 

J. W. Tilley, J. Bordner, and B. L. Trus, J. Org. Chem., 40, 973 (1975). 
(8) (a) K. E. Harding, E. J. Leopold, A. M. Hudrlik, and W. S. Johnson, J. Am. 

Chem. SOC., 96, 2540 (1974); (b) R. L. Carney and W. S. Johnson, ibid., 
96, 2549 (1974); (c) W. S. Johnson and P. A. Bartlett, ibid., 95, 750 
(1973). 

(9) G. Stork, A. Birzzolara, H. Landesmann, J. Szmuszkovicz, and R .  Terrel, 
J. Am. Chem. Soc., 85, 207 (1963). 

(IO) H. C. Brown and A. W. Moerikofer, J. Am. Chem. Soc., 85, 2083 
(1 963). 

(11) J. C. Collins, W. W. Hess, and F. J. Frank, Tetrahedron Lett., 3363 
(1968); R. Ratcliffe and R. Rodehorst, J. Org. Chem., 35, 4000 (1970). 

(12) R. E. Ireland, M. I. Dawson, and C. A. Lipinski, Tetrahedron Lett., 2247 
(1970). 

(13) 0. J. Sweeting and J. R. Johnson, J. Am. Cbem. Soc., 68, 1057 (1946). 
(14) W. S. Johnson, L. Werthemann, W. R. Bartlett, T. J. Brocksom, T. Li, D. 

J. Faulkner and M. R. Petersen, J. Am. Cbem. Soc., 92, 741 (1970); R. 
I. Trust and R. E. Ireland, Org. Syn., 53, 116 (1973). 

(15) W. S. Johnson, M. B. Gravestock, and B. E. McCarry, J. Am. Cbem. 
Soc., 93, 4332 (1971). 

(16) W. 6 .  Trahanovsky and M. P. Doyle, J. Am. Chem. Soc., 69, 4867 

(19) H. E. Simmons and R .  D. Smith, J. Am. Cbem. Soc., 80, 5324 (1963). 
(20) E. LeGoff, J. Org. Chem., 29, 2048 (1964). 
(21) G. Stork, S. Vyes, T. Wakamatsu, P. Grieco. and J. Labovitz, J, Am. 

Chem. Soc., 93, 4945 (1 97 1). 
(22) Hydrogenation and Birch reduction: G. Stork, H. J. K. Lowenthal, and P. 

C. Mukharji, J. Am. Chem. SOC., 78, 501 (1956). Lithium dimethylcu- 
prate addition: H. 0. House, W. L. Respess, and G. M. Whitesides, J. 
Org. Chem., 31, 3128 (1966); G. H. Posner, Org. React., 19, 1 (1972). 
For another approach to the synthesis of the enone 16, see G. Stork, P. 
Rosen, N. Goldman, R. V. Coombs, and J. Tsuji, J. Am. Chem. Soc., 87, 
275 (1965). 

(23) Based on spectral analysis according to W. Nagata, T. Terasawa, and 
K. Tori, J. Am. Chem. Soc., 88, 3746 (1964). 

(24) K .  Bowden, I. M. Heilbron, E. R. H. Jones, and B. C. L. Weedon, J. 
Cbem. Soc., 39 (1946); see also C. Djerassi, R. R. Engle, and A. Bow- 
ers, J. Org. Cbem., 21, 1547 (1956). 

(25) M. Meisters and T. Mole, J. Chem. SOC., Chem. Commun., 595 (1972). 
(26) E. J. Corey and M. Chaykovsky, J, Am. Cbem. Soc., 84, 866 (1962). 
(27) J. R .  Shanklin, C. R. Johnson, J. Olllnger, and R.  M. Coates, J. Am. 

(28) R .  E. Ireland, D. C. Muchmore, and U. Hengartner, J, Am. Chem. Soc., 

(29) R. E. Ireland and L. H. Mander, J. Org. Chem., 32, 689 (1967). 
(30) H. Dutler, 0. Jeger, and L. Ruzicka, Heiv. Chim. Acta, 38, 1268 (1955): 

G. Brownlie, F. S. Spring, R. Stevenson, and W. S. Strachan, Chem. ind. 
(London), 656 (1955): E. J. Corey and J. J. Ursprung, J. Am. Cbem. 
Soc., 77, 3667 (1955); R. M. Coates, Tetrahedron Lett., 4143 (1967). 

(31) Melting points labeled (vacuum) were taken in evacuated capillaries on 
a Hoover capillary melting point apparatus, while all others were deter- 
mined on a Kofler micro hot stage melting point apparatus. All melting 
points and boiling points are uncorrected. Infrared (ir) spectra were de- 
termined on a Perkin-Elmer 2378 grating infrared spectrometer, and nu- 
clear magnetic resonance (NMR) spectra were recorded using either a 
Varian H-60A or T-60 spectrometer. Chemical shifts are reported as 6 
values in parts per million relative to TMS ( 6 ~ ~ s  0.0 ppm) as an internal 
standard. 

Gas-liquid phase chromatographic (GLC) analyses were determined 
on either a Hewlett-Packard 5750 or F & M 810 research chromato- 
graph using helium carrier gas at a flow rate of 60 ml/min. Unless other- 
wise noted, ail analytical GLC was conducted on a 6 ft X 0.125 In. col- 
umn packed with 4% SE-30 on 60-80 mesh Chromosorb W AW- 
DMCS. 

Preparative thin layer chromatography (preparative TLC) was carried 
out on 20 X 20 X 0.2 cm glass plates coated with silica gel PF254+26B 
(Brinkman Instruments Co.). Analytical thin layer chromatography (TLC) 
was conducted on 1 X 3 in. microscope slides coated with a 0.5 mm 
layer of silica gel G or PF254+266. 

Alumina used for column chromatography refers to the grade I, neu- 
tral variety manufactured by M. Woelm, Eschwege, Germany, and made 
up to grade II or Ill as indicated by the addition of 3 or 6 %  water prior to 
use. Silica gel columns used the 0.05-0.2-mm silica gel manufactured 
"for column chromatography" by E. Merck & Co., Darmstadt, Germany. 
Preparative medium-pressure column chromatography was performed 
using 0.5 X 20 in. or 2 X 20 in. glass columns with fittings supplied by 
Chromatronix, Inc., Berkeley, Calif., and an instrument minipump sup- 
plied by Milton Roy Co., St. Petersburg, Fla. (instrumentation designed 
by R. H. Mueller, these laboratories, and copies are available on re- 
quest). The columns were packed with silica gel H "for TLC acc. to 
Stahl" (10-40 p )  manufactured by E. Merck & Co.. Darmstadt, Germa- 
ny. Solvents were degassed under water aspirator vacuum prior to use. 

"Dry" solvents were dried immediately prior to use. Ether, benzene, 
tetrahydrofuran, dioxane, and dimethoxyethane were distilled frm lithium 

Cbem. Soc., 95, 3429 (1973). 

94, 5098 (1972). 



Bicyclo[2.2.0] - and Bicyclo[2.l.l]hexane Chemistry J.  Org. Chem., Vol. 40, No. 8, 1975 1017 

aluminum hydride: terf-butyl alcohol, dimethyl sulfoxide, pyridine, and 
hexamethylphosphoramide (HMPA) were distilled from calcium hydride; 
dichloromethane, carbon tetrachloride, diodomethane, and methyl iodide 
were distilled from phosphorus pentoxide: ammonia was distilled from 
the tank and then from a blue lithium or sodium solution: acetone was 
analytical reagent grade distilled from potassium permanganate: formic 
acid was distilled from boric anhydride. "Petroleum ether" refers to the 
"Analyzed Reagent" grade hydrocarbon fraction, bp 30-60°, which is 
supplied by J. T. Baker Co., Phillipsburg, N.J., and was not further puri- 
fied. 

Reactions described as run under nitrogen or argon employed a mer- 
cury bubbler arranged so that the system could be alternately evacu- 
ated and filled with the inert gas and lefl under a positive pressure. 

Microanalyses were performed by Spang Microanalytical Laboratory, 
Ann Arbor, Mich. 

(32) In cases where products were isolated 'by solvent extraction", the pro- 
cedure generally followed was to extract the aqueous layer with several 
portions of the indicated solvent: then the organic layers were combined 
and washed with water, followed by saturated brine. The organic layer 
was dried over anhydrous sodium or magnesium sulfate, then filtered, 

and the solvent was evaporated from the filtrate under reduced pres- 
sure (water aspirator) using a rotary evaporator. The use of the terms 
"base wash" or "acid wash" indicate washing the combined organic 
layers with saturated aqueous sodium bicarbonate solution or with dilute 
aqueous hydrochloric acid, respectively, prior to the aforementioned 
washing with water. 

(33) F. Uhlig and H. R. Snyder, Adv. Org. Chem., 1, 35 (1960). 
(34) Preparative GLC under the same conditions described above3' except 

that the following columns were used: (a) 5 %  SE-30 on Chromosorb W 
AW-DMCS (6 ft X 0.125 in): (b) 10% Carbowax 20M on Chromosorb W 
AW-DMCS (10 ft X 0.25 in). 

(35) For spectra, see R. I. Trust, Ph.D. Thesis, California Institute of Technol- 
ogy, 1974. 

(1950). 

1964, Paper 8-14, p 29. 

(36) A. J. C. Wilson, Nature (London), 150, 152 (1942). 
(37) E. R. Howells. D. C. Phillips, and D. Rogers, Acta Crysta//ogr., 3, 210 

(38) D. J. Duchamp, Program and Abstracts, ACA Meeting, Bozeman, Mont., 

(39) J. Karle and H. Hauptmann, Acta CrystaNogr., 3, 181 (1950). 
(40) See paragraph at end of paper regarding supplementary material. 

Rearrangements in the Photolevopimaric Acid Series. A Paradigm of 
Bicycle[ 2.2.01- and Bicyclo[2.l.l]hexane Chemistry112 

Werner Herz,* M. Gopal Nair, and Doraiswamy Prakash 

D e p a r t m e n t  of Chemist ry ,  The  F l o r i d a  Sta te  Uniuers i ty ,  Tallahassee, F l o r i d a  32306 

Receiued October 15,1974 

Unexpected rearrangements of photo levopimar ic  ac id  derivatives are described. Hydroborat ion-ox idat ion of 
m e t h y l  levopimarate (3c) gave the  previously repor ted e m -  bicycl0[2.2.0]hexanol 7a a n d  a new te r t ia ry  alcohol 
12a wh ich  was prepared independent ly  f r o m  t h e  epoxide 5. Trea tmen t  o f  5 w i t h  Lewis acids resul ted in rearrange- 
m e n t  t o  6. Mercu r i c  acetate ox idat ion of 3c resulted in conversion t o  13. Cont ra ry  t o  a n  earl ier report,  Jones oxi- 
da t ion  o f  7 a  proceeded w i t h  rearrangement t o  t h e  bicyclo[2. l . l ]hexanone 20, whose st ructure was established by 
degradation t o  the  cyclopentanone 30, acid cleavage t o  35, base-catalyzed cleavage t o  36, a n d  degradation of the  
la t te r  t o  t h e  dr imane der ivat ive 38. Trea tmen t  of t h e  endo-bicyclo[2.l.l]hexyl tosylate 23a with tosy l  ch lor ide re- 
su l ted in rearrangement t o  a bicycl0[3.l.O]hexane derivative, the  new res in  ac id  isomer m e t h y l  isophotolevopimar- 
ate (39). An unusual  ox idat ion of t h e  ero-bicyclo[2.2.0]hexanol7a t o  the  lactone 14a and  14b w i t h  Fgtizon's re- 
agent was observed. Solvolyt ic reactions of the  ero-bicyclo[2.2.0]hexyl tosylate 7c resulted in rearrangement t o  
t h e  bicyclo[2. l . l ]hexane derivatives 44 a n d  45. 

The observations which are described in the present re- 
port are the result of work originally aimed at  the synthesis 
of 14-deuteri~olevopimaric acid (lb).  This substance was de- 
sired to help clarify the nature of the intramolecular hydro- 
gen transfer which occurs on irradiation of the levopimaric 
acid-cyclopemtenedione adduct 2, 3 9 4  a problem which was 
eventually solved by X-ray analysis of one of the photolysis 
pr0ducts.j 

The simplest path to l b  appeared to be introduction of 
deuterium in some fashion a t  C-14 of the photolevopimaric 
acid skeleton 3a, since thermal reversion of the valence 
isomerization la --t 3a6,7 has been de~c r ibed .~  The rear- 
rangements which negated this approach and will be de- 
scribed in this report constitute not only an instructive 
paradigm of bicyclo[2.2.0] - and bicyclo[2.l.l]hexane chem- 
istry, but illustrate several other unusual reactions which 
presumably occur because these strained systems are part 
of a relatively rigid diterpene skeleton. See Scheme I. 

Attempts to  Prepare  Bicyclo[2.2.0]hexanone 8. Our 
failure to effect direct introduction of deuterium into 3cSa 
forced us to investigate more circuitous routes to 3d by way 
of 8, which are outlined in Scheme 11. The preparation of 8 
from 7a has been reported previously7; although Dauben 
and Coates did not discuss the stereochemistry of 7a and 8, 
it  seemed likely that these substances possessed the config- 
urations indicated in Scheme 11, thus necessitating further 
reduction of 8 to 9, which has the correct stereochemistry 
for bimolecular elimination to 3d. However, as the re- 
ported7 overall yield of 8 was rather low, we first explored 
its preparation from the epoxide 5. 

This substance, isolated in 81% yield, was assigned the 
exo configuration depicted in Scheme I1 because of the ap- 
pearance of H-14 as a narrowly split doublet ( J  = 2.5 Hz) 
a t  3.82 ppm. The W arrangement for such long-range cou- 
pling of H-14 to H-12 is achieved only if H-14 is or; this is 
also consonant with the deduction, from models, that the 
least hindered side of 3c is the /3 face. 

Treatment of 5 with acidic reagents generally produced 
complex mixtures which resisted attempts a t  separation, 
but contained no fraction corresponding to 8. On the other 
hand, use of boron trifluoride etherate under carefully de- 
fined conditions resulted in rearrangement (64% yield) to 
an unsaturated aldehyde (sharp singlet a t  9.3 ppm, broad- 
ened vinylic singlet, Wl/z = 6.6 Hz, a t  5.83 pprn). This sub- 
stance was assigned structure 6, formally derivable by the 
shifts depicted in Scheme 111, rather than 10 for the fol- 
lowing reason. 

By sweeping the methylene region of the lH NMR spec- 
trum, the center of the H-15 signal was found at  2.07 ppm. 
Irradiation at  this frequency collapsed the isopropyl meth- 
yl doublets a t  0.90 and 1.06 ppm to singlets and sharpened 
the vinyl proton signal (Wl/z = 2.5 Hz). The existence of al- 
lylic coupling between the vinyl proton and H-15 was thus 
established, an observation which excludes structure 10. 
The CY configuration of the aldehyde is deduced on mecha- 
nistic grounds; an upfield shift of the C-10 methyl reso- 
nance to 0.86 ppm may be attributed to the shielding effect 
of the 12,13 double bond. 

As a result of this rearrangement we returned to  Dauben 
and Coates' method of preparing 8. Slight modifications in 


