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stated there. Recovery was essentially quant i tat ive.  T h e  percent- 
age composition determined by GLC was 9:10, 90.2:9.8. The  com- 
posi t ion determined by NMR analysis was 9:10,87:13. 
B. In Glyme.  Ester 9 (1 mmol )  was subst i tuted for b romo ke- 

tone 6 in the procedure given above for the Favorski i  react ion of 
t he  la t ter  in glyme. T h e  procedure used was ident ical  and  the re- 
covered ester (-100%) was analyzed: by GLC, 9:10, 58.1:41.9; by 
NMR, 9:10,60:40. 
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R o o m  temperature addi t ion o f  the t i t l e  two  reactants (diene in excess) l ed  t o  a l l  o f  t he  monoadducts possible 
(40-55%) in roughly comparable amounts except for  t he  exo-syn adduct, wh ich  was fo rmed in very l ow  yield. 
M i n o r  amounts of  b is  adducts were observed. Some factors involved in th is  nonselective 1,3-dipolar cycloaddi t ion 
are discussed. Pyrolysis o f  the adducts l e d  t o  the corresponding tr icycl ic ethers in h igh  yield. These ethers serve as 
convenient entries i n t o  the em- and  endo-3,3-diphenyltricyclo[3.2.1.02~4]~ctane systems. As examples o f  some 
transformations possible w i t h  these ethers, the exo-ant i  ether was converted via acetolysis and  hydrolysis t o  i t s  al- 
cohol w i t h  complete retent ion of configuration. Simi lar ly,  the endo-syn ether was converted to  i t s  alcohol and 
eventually t o  the interest ing parent  hydrocarbon, endo-3,3-diphenyltricyclo[3.2.1.02~4]~ctene. T h e  endo-ant i  and 
exo-syn ethers did n o t  behave analogously. T h e  former underwent a n  apparent ly deep-seated change upon  acetol- 
ysis, whereas the  la t ter  smoothly rearranged t o  a bicyclo[3.2.l]octene derivative. T h e  pathways o f  these reactions 
are discussed briefly, along w i t h  the  presentation o f  conf i rmatory physical  data for  the structures assigned. 

Work on another aspect of this general area3 necessi- diphenyldiazomethane to 7-tert-  butoxynorbornadiene. 
This addition resulted in a variety of adducts, all of which 
have potential utility in the study of 3,3-diphenyltricy- 

tated the synthesis of alcohol, 6-OH (vide infra). The first 
step in its preparation was the 1,3-dipolar cycloaddition of 
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30’ 

c10[3.2.1.0~~~]octanes. We describe here the characterization 
of these adduicts and some of the transformations that they 
undergo. 

Results 
Slow (4-6 weeks) addition of diphenyldiazomethane to 

excess 7-tert- butoxynorbornadiene (no other solvent) a t  
room tempersture afforded all of the possible monoadducts 
1-4 as well as small amounts of bis adducts, of which 5 was 
characterized. The adducts were largely separable by col- 
umn chromatography. Although these adducts had spectra 
consonant with the assigned structure,4>j the orienkstion of 
the addition in each case was better assigned by inspection 
of the tricyclic ether formed in high yield from each by py- 
rolysis a t  165--175°.6 The reactions are shown in eq 1. 

4-6 weeks (4C-6%) 

the 8-tert- butoxy group, allowing some long-range coupling 
in these last two ethers. 

The synlanti orientation of the tert-butoxy group in the 
endo adducts was decided by spin-decoupling results. As 
expected, irradiation of H-8 in 7 had no effect on the vinyl 
proton resonance. Irradiation of H-8 in 8, however, cleanly 
sharpened the initial vinyl multiplet into a triplet. Also, ir- 
radiation of the vinyl protons in 8 changed the H-8 reso- 
nance from a complex multiplet into a triplet, J1(5),8 = 2 
Hz. So the tert-butoxy group is syn in 7 and anti in 8. In 
the exo adducts, the tert-butoxy group in 6 was shown to  
be anti by conversion to the saturated alcohol 11 as in eq 

Alcohol 11 had been prepared earlier3 and completely 
characterized. The sequence in eq 2 involved no gross 
structural change because in their NMR spectra both 6- 

26.5% 36% 25% 2.5% trace 
1, exo-anti’ 2, endesyn 3, endo-anti 4, exogyn 5, bis-exo 

A i - &  AI-N~ A{-N. Ai-”* Ai-?;: 

6 7 8 
The cyclopropyl and vinyl protons in each of the ethers 

are unique. The exolendo orientation of the fused cyclopro- 
pane ring can be determined by the multiplicity of the H-  
2,4 proton resonance and its chemical shifta3 In 6 and 9 the 
H-2,4 pair is a singlet (Wl/z = 2 Hz) whereas in 7 and 8 this 
pair is a multiplet. In the former cases, the H-2,4 pair is 
endo and does not couple with the bridgehead pair H-1,5 
owing to unfavorable geometry. Some weak coupling of the 
long-range “W” type between H-2,4 and H-8 may broaden 
the singlet slightly in 9, however. Such coupling is mani- 
fested in 10, where the H-2,4 singlet is narrower (W1/2 = 2 
Hz) than the II-6,8 singlet (Wl/2 = 2.5 Hz). Conversely, in 7 
and 8, there is coupling due to a more favorable geometry 
between the now exo H-2,4 and H-1,5 pairs, resulting in 
distorted multiplets (three lines for 7 and four lines for 8). 
As would be anticipated, the endo H-2,4 pair in 6 and 9 was 
upfield (6 1.75 and 1.83, respectively) from the exo H-2,4 
pair in 7 and 8 (6 2.38 and 2.02, respectively). 

The vinyl protons H-6,7 present a dramatic difference in 
these ethers. In 6 and 9 the vinyl resonance is a t  6 6.48 and 
6.51, respectively. In 7 and 8, however, the underlying phe- 
ny! group attachcd to  the endo cyclopropane moiety exerts 
a shielding effect on these vinyl protons, causing an upfield 
shift to 6 5.13 in 7 and 6 5.14 in 8. Whereas this resonance 
was a sharp norbornene-type “ t r i ~ l e t ” ~  in 7 and 9, addi- 
tional broadening into ii poorly resolved multiplet was evi- 
dent in the vinyl resonance of 6 and 8. These different reso- 
nances clearly are the result of the different orientation of 

9 10 

OAc and 6-OH retained the H-2,4 singlet and complex 
vinyl proton multiplet characteristic of the 6 system. By 
elimination, the other exo adduct 9 obviously then has a 
syn tert-butoxy group. 

AcO, 

6-OAc (93%) 6-OH (95%) HOAc 

11 (-100%) 

As seen in eq 2, ether 6 smoothly afforded 6-OAc upon 
acetolysis in the presence of perchloric acid. Likewise, 
ether 7 produced 7-OAc. This ester showed the proper 
endo-type NMR spectrum. The cyclopropyl pair H-2,4 was 
a triplet centered a t  6 2.32, as was the vinyl pair H-6,7 a t  6 
5.17. The syn acetoxy group orientatioq was assumed from 
the contrary behavior observed with 8 and from the gener- 
ally observed retention of configuration in such reactions. 
Ether 8, in this regard, gave a variety of uncharacterized 
products (at least seven by TLC analysis) in t h ~  geaetiori 
and the matter has not been pursued as yet.ll Clearly, how- 
ever, the endo-anti acetate expected (8-OAc) is unstable 
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under these reaction conditions and generates other prod- 
ucts, or some intermediate is formed which does so (with 
8-OAc perhaps among the products). Ether 9 underwent a 
structural rearrangement under these acetolytic conditions 
to form a mixture of acetates 12. These and the other reac- 
tions mentioned are illustrated in eq 3. Each ester in the 

AcO, 

xco 
12e. 12n (82%) 

pair 12 had only one vinyl proton (6 6.46 in 12e, 6.28 in 
1211) and an unperturbed styrene chromophore [A,,, 
(EtOH) 248 nm (log e 4.06) for 12e, 249 nm (log t 4.00) for 
12nl. Two CHOAc resonances were obvious in each ester 
but assignment was difficult. One, a broad singlet centered 
a t  6 5.35, was assigned to H-4 in 12e because of the geome- 
try present in its case. Using this as the structural refer- 
ence, one could then assign the remaining resonances: 6 
5.31, H-4 in 12n; 5.47, H-7 in 12e; and 5.50, H-7 in 12n. 

One of the goals in the present study was the preparation 
of endo-3,3-diphenyltricyclo[3.2.1.02~4]octene itself (13). A 
comparison of its chemistry relative to that already known 
for its exo analog13 should be interesting. Conversion of 7- 
OAc to 7-OH was straightforward. Because its tosylate 
proved to be elusive, reductive solvolysis of the p -  nitroben- 
zoate ester of 7-OH in diglyme with sodium borohydride14 
was attempted. No 13 was observed, however, and the reac- 
tion led rather to the parent alcohol and an uncharacter- 
ized oil. Alcohol 7-OH did, nonetheless, easily form 7-C1 
upon treatment with thionyl chloride. This chloride was a 
reactive compound. I t  gave the corresponding methyl ether 
simply upon dissolution in warm methanol. Reduction of 
7-C1 to 13 succeeded with lithium aluminum hydride in di- 
methoxymethane under reflux15 (eq 4). Reduction of 7-C1 

7-OH 7421 13 
(4) 

with tri-n-butyltin hydride did not yield 13. The crude 
product contained no norbornene double bond in the NMR 
spectrum. Hydrocarbon 13 was a crystalline solid, mp 74- 
75’. Its uv spectrum was similar to that of the exo isomer.13 
Their NMR spectra differed, and the shielding influence of 
the endo diphenylcyclopropyl ring upon the vinyl protons 
in 13 was pronounced. In 13 these protons appeared a t  6 
5.18, whereas in the exo isomer they appeared a t  6 6.57. 

Discussion 
1,3-Dipolar cycloadditions to norbornenes follow the 

Alder and Stein16 “ex0 rule”, the basis of which is still 
somewhat controversial. Abundant examples illustrate this 
rule and the matter need not be developed further here. 

Such additions to norbornadienes are less specific, how- 
ever. Phenyl azide adds to norbornadiene preferentially 
exo (exo/endo = 11)17 and diphenyldiazomethane adds ex- 
clusively exo to this diene,13 as does diazofluorene.18 The 
bis adduct from the former is also exo-exo (as would be ex- 
pected once one addition had occurred because the second 
would then follow the “exo rule”). However, steric factors 
can effect the success of such reactions and cases are 
known where no addition occurs rather than endo addi- 
tion.lg Of all such additions, however, the most pertinent to 
the present study is the addition of phenyl azide to 7-tert- 
butoxynorbornadiene reported by Klumpp and cowork- 

Triazolines related to pyrazolines 1, 2, and 4 were 
produced in percentage compositions of 30,55, and 15%, re- 
spectively. No triazoline related to 3 was apparently 
formed. The 30% of exo-anti adduct presumably reflected 
the “ex0 rule” coupled with a favorable steric approach. On 
the other hand, Klumpp attributed the 15% exo-syn adduct 
to a “special coordination effect” between the tert- butoxy 
group and phenyl azide which compensated somewhat for 
the crowded transition state involved in this case. The 
major product, an endo-syn adduct, was postulated to re- 
sult from a sterically favorable endo addition to the syn 
double bond. This double bond was theorized to be the 
more reactive because of electronic factors involving again 
the tert-butoxy group. Such results with phenyl azide are 
very much like those here reported for diphenyldiazo- 
methane addition. Because the diazo compound is a more 
bulky dipolar reagent, however, the transition state for its 
addition probably involves more steric hindrance.21 So exo- 
syn addition (i.e., to form 4) is diminished. Presumably the 
formation of endo-anti adduct 3 also illustrates this steric 
influence and accounts for the mildly increased overall 
endo addition with the diazo compound (61%) compared 
with phenyl azide (55%). Our studies do not contribute to 
any claim of coordination effects or of enhanced reactivity 
of the syn norbornadiene double bond nor do they explain 
the absence of a triazoline product related to 3 in Klumpp’s 
work. Clearly, steric and electronic factors are in delicate 
balance in these reactions and subtle shifts in these factors 
cause the minor differences in the two additions. However, 
obviously, the “ex0 rule” is not adhered to in these 1,3-di- 
polar  cycloaddition^.^^ 

The conversions of 6 and 7 to the acetates (eq 2 and 3) 
exemplify the known retention of configuration that at- 
tends such ether cleavages3 The rest of the sequence in eq 
2 mirrors that previously reported3 for the saturated ana- 
log. The complex acetolysis of 8 is not yet underst0od.l’ 
The reaction of ether 9 may be rationalized as shown in eq 
5 .  

Three points of interest might be mentioned concerning 
this sequence. First, the loss of tert-butyl alcohol from 9- 
H+ is believed to result from the anti double bond partici- 
pation, a well-known effect. Such a loss may also be in- 
volved in the previously mentioned conversion of 7 to 7- 
OAc, but not in the conversion of 6 to 6-OAc. Had the lat- 
ter conversion involved the creation of cationic charge a t  
C-8, then a phenyl migration would have followed to rear- 
range the tricyclic system.24 From the present and past 
work, it is concluded that an anti double bond or cyclopro- 
pyl group will participate in the acetolysis of such 8-tert- 
butyl ethers to cause C-8 charge creation, but a proximate 
3-phenyl group will not. 

The second point of interest is the complete specificity of 
addition of acetic acid to A-12. Addition of acetic acid to  
bicyclo[3.2.l]octadiene occurs as shown in eq 6, presumably 
via the delocalized cation shown.25 This is a clear precedent 
for the stereospecific addition in eq 5 to form 12. As the 
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H 

9.H+ 

+ 

12+ 
A d  

A -12 

Acd 
12e, l2n 

last po in t  of interest, the nonstereospecific capture of ion 
12+ by acetic acid also was observed with the 6,7-dihydro 
analog, and indicates that the charge in 12+ is not delocal- 
ized over the tlienic system, presumably because such delo- 
calization would lead to  ant iaromatic  character in  the ion. 

The additions of acetic acid are believed t o  occur in the 
order  shown iin eq 5. The possibility that addition of acetic 
acid to 9 preceded the acetolysis seems remote for two rea- 
sons: only unchanged 9 was isolable f rom purposely incom- 
plete reactions,  and the high reactivity of 9 necessitates the 
presence of the a n t i  bond.  

With an entry available now to these various tricyclic 
systems, fu tu re  papers will report  o n  efforts t o  explore 
these systems further.  

Experimental Section26 
Reaction of Diphenyldiazomethane and 7- tert-Butoxynor- 

bornadiene. The diazo compound2' was added to freshly distilled 
dienez8 in aliquots such that the molar ratio of diene to diazo com- 
pound was never less than 1OO:l. I t  was convenient to add 0.5 por- 
tions of the latter with stirring to ca. 100 g of the former a t  25-30', 
Further additions were made as the purple color of the solution 
faded to pale yellow. After 4-6 weeks monoadduct began to precip- 
itate. The solution was steam distilled to recover excess diene, 
which was recycled. The residue was dissolved in a minimal vol- 
ume of benzene and dried by azeotropic distillation. It was then 
chromatographed on alumina (Matheson Coleman and Bell "chro- 
matographic grade", 80-325 mesh, used as received). A practical 
weight ratio of alumina to residue was 1OO:l. Elution with 10% 
ether-hexane removed a trace of diene reactant. Use of 50% ether- 
hexane gave adductsz9 1 and 2, the initial fractions being richer in 
2. Continued elution next afforded pure 1, mp 143-144O dec4 
Fractional crystallization of the mixed adducts above from metha- 
nol eventually gave pure 2, mp 142.5-143.5' dec4 The slower elut- 
ing adduct 3 was finally obtained by longer elution with 50% ether- 
hexane. Recrystallization from methanol gave 3, mp 162.5-163.5' 
 de^.^ Although sharp-melting, 3 was not obtained pure enough for 
acceptable C, H analysis. Adduct 4 was difficult to obtain also. 
After five reactions to obtain all of the above, the mother liquors 
from all recrystallizations were combined and rechromatographed. 
Adduct 4 was observed spectrally in those fractions rich in 1 and 2. 
A pure sample of 4 was, however, not obtained? Bis adduct 5 was 
eventually obtained by elution with 50% ether-chloroform. Recrys- 
tallization from methanol gave pure 5, mp 186-186.5' dec4s5 Other 
bis adducts were probably present as well, but no serious effort 
was made to isolate them. 

Owing to considerable tar formation an accurate yield of 1-4 was 
not determined. Based on diazo reactant, isolated yields ranged 

from 40 to 65%. The composition of the adduct mixture was deter- 
mined by NMR integration of the tert-butoxy singlets. The NMR 
sample was a steam-distilled residue that had been freed from tars 
by rapid passage through a short alumina column. 

Pyrolysis of Pyrazolines. The individual adducts 1-5 were 
heated in an oil bath a t  165-175' (230' for 5 )  until nitrogen evolu- 
tion ceased. The residue was taken up in a small volume of chloro- 
form and passed through a short alumina column with 10% ether- 
hexane. Evaporation of the solvent gave the colorless, crystalline 
ethers. The ethers were recrystallized from methan01.~ The yields 
were 84-96%. The melting points of the ethers follow: 6, 167-168'; 
7, 124.5-125.5'; 8, 114.5-115.5O; 9, 173.5-174.5'; 10, 263-264' dec. 
Once the pyrazoline adducts bad been characterized, it was found 
to be more economical to pyrolyze the mixture of adducts 1,2, and 
4 previously mentioned as the initial eluate with 50% ether-hexane 
through alumina. The ethers were then separated by chromatogra- 
phy on 200 wt % of Florisil (MCB, 100 mesh and finer). Elution 
with hexane readily gave ether 9, while elution with 5% ether-hex- 
ane gave first 7 and then 6, all of which were obtained in analytical 
p ~ r i t y . ~  

Acetolysis of the Ethers. The cleavage of ethers 6 and 7 was 
performed as reported8 for the saturated analog of 6, except that, 
after reaction, the acidic solution was neutralized with solid sodi- 
um carbonate and the acetate product extracted with methylene 
chloride. Removal of solvent from the dried extracts gave the 
crude acetates. Esters 6-OAc and 7-OAc were formed in 93 and 
83% yield, re~pectively.~ Upon recrystallization from methanol fol- 
lowed by hexane or pentane they both formed colorless needles: 6- 
OAc, mp 141-142'; 7-OAc, mp 96.5-97.5'. Ether 8 gave an off- 
white solid product in this cleavage. By TLC (30% ethyl acetate- 
hexane) analysis, seven distinct fractions were noted, but none was 
isolated or characterized except to the extent that  the NMR spec- 
trum showed no evidence of the parent tricyclic system. Other 
cleavage methods using various concentrations of sulfuric acid and 
another using triphenylphosphine dibromide in acetonitrile failed. 
Ether 8 was stable, however, to acetic acid-acetic anhydride 
mixtures (25O, 10 hr). Cleavage of ether 9 (300 mg) gave a mixture 
of esters 12 (280 mg) in the ratio of two parts 1211 to three parts 
12e. Separation was accomplished by Chromatography on Florisil 
(80 g/g of acetates). Acetate 12n eluted first with 4% ethyl acetate- 
hexane and it was recrystallized from methanol, mp 129.5-130.5°.4 
Acetate 12e was obtained as a glass which could not be recrystal- 
lized satisfactorily, mp 45-55'.* 

Formation of 3,3-Diphenyltricyclo[3.2.1.02*4]oct-6-enols, 6- 
O H  and 7-OH. Acetates 6-OAc and 7-OAc were treated with ex- 
cess methymagnesium iodide as described earlier3 for the saturat- 
ed analog of 6-OAc. The exo-anti alcohol 6-OH (95% yield) was re- 
crystallized from hexane, mp 126.5-127°.4 The endo-syn alcohol 
7-OH (97% yield) had mp 140-141' from hexane.4 

Reduction of 6-OH to  11.lo Alcohol 6-OH (100 mg) in dry ether 
(15 ml) was added to a slurry of lithium aluminum hydride (100 
mg) in dry ether (15 ml). The mixture was stirred a t  25' for 6 hr 
and hydrolyzed by cautious addition of water followed by sulfuric 
acid (10%). The ether layer was separated, washed with sodium 
carbonate (10%) and water, and then evaporated to afford alcohol 
11 (100 mg, 100% yield, mp 153-155' from hexane). The product 
was identical by mixture melting point and spectra with authentic 
material.3 

Reduction of 7-OH t o  13. Attempted conversion of 7-OH to its 
tosylate in pyridine was unsuccessful (84 hr, 5-10'). However, 
work-up over crushed ice-10% hydrochloric acid returned only 10% 
of the original material. The p-nitrobenzoate derivative (mp 168- 
169" from chloroform-methanol) was prepared in pyridine with 
p-nitrobenzoyl chloride. Reaction of this ester with sodium bor- 
ohydride in aqueous diglymeT2 (goo, 4 hr) gave back 7-OH (63% re- 
covery) and an uncharacterized oil that  had no spectral character- 
istics of the parent tricyclic system. 

Treatment of 7-OH (300 mg) with purified thionyl chloride (100 
mg) a t  25' led to the evolution of gases which were removed in a 
nitrogen stream. Evaporation of the slight excess of thionyl chlo- 
ride led to an off-white solid, 310 mg, mp 111-115O, which was 
judged by NMR analysis to be ca. 90% pure 7-C1? Attempted re- 
crystallization of the chloride from all solvents tried was unre- 
warding except for methanol. However, the recrystallized product 
from methanol was clearly the methyl ether 7-OMe [mp 74-75O, 6 
3.18 (s, OCHs), other resonances indicative of 7 system4]. 

Chloride 7-C1 (unrecrystallized, 500 mg) in dry 1,2-dimethoxy- 
ethane (DME, 10 ml) was added dropwise to a slurry of lithium 
aluminum hydride (200 mg) in DME (50 ml) a t  25'.15 The solution 
was heated to reflux, whereupon it turned deep blue. After a 14-hr 
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heat ing per iod ( T L C  analysis ind icated a 12-hr minimum t i m e  for 
reaction), the excess hydr ide was decomposed b y  the  careful addi -  
t i o n  o f  water a t  0-5'. T h e  inorganic salts were dissolved by addi -  
t i o n  o f  5% sulfuric acid. T h e  homogeneous, aqueous DME solut ion 
was evaporated and the residue was taken up in ether. T h e  ether 
solut ion was washed w i t h  5% sulfuric acid, water, 10% sodium car- 
bonate, and  water, and  then dr ied  over sodium sulfate. Removal  o f  
t he  ether l e f t  an  o i l  which was passed through a lumina (50 g) w i t h  
hexane. T h e  hexane was evaporated t o  y ie ld  13 (360 mg, 83%, mp 
74-75O f r o m  methanol).* 

Reaction o f  7-C1 in benzene w i t h  tri-n-butyltin hydride in the 
presence o f  azobisisobutyronitr i le in i t ia tor  under  re lux (nitrogen 
atmosphere) for 48 hr gave a ta r r y  product  t h a t  possessed no v i n y l  
protons in the NMR spectrum. 

Registry No.-1, 54120-24-0; 2, 54163-78-9; 3, 54163-79-0; 4, 
54163-80-3; 5 ,  54120-31-9; 6, 54120-25-1; 6-OH, 54120-26-2; 6-OAc, 

7-OMe, 54120-28-4; 7-C1, 54120-29-5; 7 - 0 - p - N B ,  54120-30-8; 8,  
54163-84-7; 9, 54163-85-8; 10, 54120-32-0; 11, 29266-06-6; 1211, 
54120-33-1; 12e, 54163-86-9; 13, 54163-87-0; diphenyldiazo- 
methane, 883-40-9; 7 - t e r t -  butoxynorbornadiene, 877-06-5. 

S u p p l e m e n t a r y  .Material Ava i l ab le .  M e l t i n g  points, combus- 
t i o n  analyt ical data (asterisked compounds), and  signif icant ir and  
complete NMR data for  1*, 2*, 3*, 4, 5 * ,  6*, 7*, 8*, 9*, 10, 6-OAc", 
7-OAc*, 6-OH*, 7-OH*, 7-p-NB, 7-C1, 7-OMe, 13* (uv also), 12e* 
(uv also), and 12n (uv also) w i l l  appear fol lowing these pages in the  
m ic ro f i lm  edi t ion o f  th is  volume o f  the journal .  Photocopies o f  t he  
supplementary mater ia l  f r o m  th is  paper on ly  or microf iche (105 X 
148 mm, 24X reduction, negatives) containing a l l  o f  the supple- 
mentary mater ia l  for t he  papers in th is  issue m a y  be obtained f r o m  
the Journals Depar tment ,  Amer ican Chemical Society, 1155 16 th  
St., N.W., Washington, D.C. 20036. R e m i t  check or money order 
for $4.00 for photocopy or $2.50 for microfiche, re fer r ing to  code 
number JOC-75-1036, 

54120-27-3; 7, 54163-81-4; 7-OH, 54163-82-5; 7-OAc, 54163-83-6; 
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