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AhWact-Tbc tranwyn-tram isomer of pcrhydrohenanthm has tbc an-1 ring in a boat conformation. 
A cryslalhnc derivative (I& dibauoate of the tic 9,lCMiol) wa_s prepured. and the aystal r(ructulf was 
determined. The boat conformation is slightly twisted, as prsdictcd by mokular mxhania. 

Tbc conformalional analysis of bmembcrcd rings in 
mono- and plycyclic systems has long been of 
interest. since such structures form the basic back- 
bones for many natural products. The per- 
hydrophcnanthrcncs arc of particular interest bc- 
cause of their relationship to steroids, terpeoes, and 
other natural products. ‘.’ There ~TC six possible ste 
rcoisomcrs of pcrhydrophcnanthrenc, and their rela- 
tive energies have long been of interest. In 1953 
Johnson estimated the relative energies of these isom- 
ers by simply counting the number of gauche butane 
interactions, and estimating other interactions.’ 
Other calculations, including Htickd approaches, 
and molazular mazhanics calculations’ have also been 
reported. 

Only four of the six possible stereoisomers of 
pcrhydrophenanthrcne have ban isolated and de- 
scribed.’ Direct hydrogenation of phenanthrcne with 
Pt in aatic acid yields a mixture of c~c(ci.r-syn-tit’) 
(6Q) and cst isomers (40%). This mixture can be 
equilibrated over Pd and yields a mixture of approx- 

imately gS% tut. 5% cat, and 10% CJI- 
pcrhydrophcnanthrenc.’ 

Hydrogenation of phcnanthrene with Raney Ni at 
high pressure and temperature is reported’ to give a 
mixture of all pouiblc isomers. The assignments of 
the cut- and tst- isomers to the corresponding peaks 
in the gas phase chromatogram are still unartain, 
because of the lack of authentic reference materials. 

The results of the various theoretical approaches 
are all in qualitative agreement with each other and 
with the experimental data for the four most stable 
isomers. but some question still remains about the fsf 
isomer (I) and the cut isomer. The major instability 
in 1 is brought about by the necessity of the central 
ring having a boat conformation. Such a con- 
formation IS known in some natural compounds and 
related dcrivativa.9~‘0 

While we have seen 1 in a GLC chromatogram. we 
have not actually isolated the compound in the usual 
sense. Since it is probably a liquid, a crystalline 
derivative was wanted for structural studies. Several 
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syntheses were considered. and one was pursued 
sutiently far as to give the dial 5. The synthesis of 
5. and the proposed synthesis of 1 from 5 arc outlined 
on the accompanying chart. 

Compound 2 has long ban known, and is avail- 
able from the proazdure of Linstcad and Doering.” 

The catalytic hydrogenation of diphenic acid with 
Ft in aatic acid was reproduced according to the 
reported proctdurc.” except that the starting mixture 
was carefully dtgasscd before applying hydrogen. In 
constrast with the previous results” this made addi- 
tional catalyst unnecessary after a prolonged reaction 
time. Estcrification of csc-perhydrodiphenic acid was 
accomplished in 89% yield using methanol/sulfuric 
acid, the by-product being T< of the mono-methyl 
ester. The equilibration of the dimethyl ester with 
sodium mcthoxidc to yield 2 was carricd out, al- 
though a prolonged reaction time and a more comn- 
trated solution were found necessary to give good rc- 
suits. Under these conditions, 2 was obtained in 68% 
yield. This procedure is much more practical than the 
inversion on the acid directly. followed by mcsterifi- 
cation using diazomethanc.” 

Of the possible methods for forming a CC bond 
bctwan the carboxylate carbons, we found that the 
acyloin condensation gave a reasonable yield, follow- 
ing Ruhlmann.” One had to be concerned. however, 
that the reduction of the acyloin 4 to the isomeric 
dials, 5. might occur with isomcrization at an adja- 
cent ring juncture. To avoid this problem, the acyloin 
condensation to 3. cleavage in rcfluxing methanol to 
4 and the reduction of the latter with sodium bore 
hydride rather than with lithium aluminum hydride 
to give 5 was done without isolation (i.e. distillation) 
of the intermediate products. In contrast to the 
previous results. a mixture of three stcrcoisomeric 
dials Sa. Sb. Sc was obtained in reasonable yield 
(W,;), with !Ja and k being the major components. 
The latter compound was not found in the diol 
mixture which resulted from the reduction of 4 with 
lithium aluminum hydride. It was easy to isolate Sa 
and SC in pure form by a fractional crystallization. 

The three dials (58. Sb. and SC) are believed to be 
the 3 possible stereoisomers of rsr-pcrhydro- 
phenanthrcnc-9.lOdiol. All gave the proper C-H 
analysis. The proton NMR spectrum of the di- 
mcsylate of Sa showed coupling constants of 3.0. 3.0 
and I I .O Hz. The large value for the one constant. 
and the small values of the other two suggested that 
Sa was the rrans diol (A). This finding was in 
agreement with the failure we noted of the compound 
to form a cyclic thiocarbonate. but the chro- 
matographic behavior of the 3 diols (R, values rc- 
spcctivcly 51, 0.35; 5b, 0.25; Sc, 0.15) suggestal that 
51 was forming an intramolecular H- bond, which 
would be only possible in a cir diol. H-bonding 
studies by IR spectroscopy in 0.005 M solutions in 
Ccl, were carried out, and they showed from the 
respective shifts of the OH adsorptions compared 
with those for fra secondary hydroxyls” that Sa was 
indeed a cir diol. and J and Sc were rrurts diols. A 
combination of these facts indicates that Sa must not 
have the carbon skekton desired. but must instead be 
a csl-pcrhydrophenanthrcne-9. I Odiol. This was 
confirmed. after several unsuccessful attempts due to 
the insolubility of Sr in many solvents, by an ox- 
idative cleavage of the vicinal diol Sa with purple 

bcnzcnc’~ to err-pcrhydroddiphenic acid, a known” 
compound. 

By the same procedure. SC was converted to the 
known” rsr-pcrhydrodiphcnic acid. Combining this 
fact with the results of the NMR and H bnding 
studies on SC, the structure shown below (A) is 
proposed for the latter: 

s- 
J,,_ “, 3.0 HI Jy,,", 11.0 t+ 

Jn,, HK) 
3.0 Hz JH., I&. 

3.0 tiz 

Jn,, t4m 11.0 Hz ‘b t&l 
3.0 Hz 

It was not possible to obtain suitable crystals for 
X-ray analysis from the parent diol itself. Thus, 
several derivatives were synthesized including the 
diacetatc, dibcnzoatc, bis-3,Sdinitrobcnte and the 
bis-p-bromobcnzoatc. Of these, the dibcnzoatc crys- 
tals looked to be the most suitable for X-ray analysis. 
and they proved to be adquatc. The fractional 
atomic coordinates obtainal are given in Table I. 

A plot of the mokcuk as determined by crys- 
tallography is shown in Fig. I. The stereochemistry 
is ckarly evident. The numbering system is shown in 
Fig. I, and the pertinent geometric data arc given in 
Table 2. The molecular packing is shown in Fig. 2. 

The structure of the parent hydrocarbon has been 
calculated by the MM2 fora field program,” and it 
can be compared with the experimental structure. 
According to MM2, the CJ form (twist) of cy- 
clohexanc is more stable than the Ch form (boat) by 
I. IO kcalimol. But the fusion of the other rings onto 
the cyclohcxane to give the pcrhydrophenanthrcne 
system prevents the center ring in the latter molecule 
from easily achieving a Cr conformation. The Cr. is 
not very stable in this mokcuk either, and the 
calculations show that the energy minimum is somc- 
where in between these two conformational extremes. 
If the central ring is forced to have a C2, con- 
formation (so that the overall conformation of the 
mokcuk IS C,), the energy is 0.55 kcal/mol above the 
slightly twisted (C,) form which is obtained when the 
energy IS allowed to minimize. The calculated at& 
of twist about the 21-22 bond (arbitrary X-ray 
numbering. Fig. 1) is found to be 18.4, and this may 
be compared with the experimental value found from 
the crystal structure, which is 19.1(.9)“. It would 
appear that the prcscna of the bcnxoate groups and 
the crystal packing forces change this angle very little 
from its calculated (gas phase) value in this case. 
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Tabk I. Ftxtional unit cdl atomic coordinates 

AtOm 

__ _ _ .__-.- -.- --- 
x/a 

..-_. 
O(1) 
O(2) 
00) 
O(4) 
C(l) 
C(2) 
C( 3) 
Cl41 
C(S) 
C(G) 
C(7) 
C(8) 
C(9) 
C( 10) 
C(l1) 
C(l2) 
C(13) 

Cl10 
CllS) 
C(lG) 

C(l7) 
C(181 
C(l9) 
C(20) 
Cl211 
cc221 
C(2)) 
Cl20 
Cl251 

Cc261 
C(27) 
C(28) 

0.1959(5) 
0.3750(6) 
0.3176(5) 
0.2761 (6) 
0.2644(71 
0.1836(a) 
0.0443(9) 

-0.0253(9) 
O.OlG(l) 
0.186(l) 
0.2549(9) 
0.3374(7) 
0.4482(7) 
0.5209(8) 
0.6167(9) 
0.6415(8) 
0.5711(8) 
0.4732(8) 
0.2645(7) 
0.2410(7) 
0.3380(8) 
0.3365(9) 
0.385(l) 
0.2808l9) 
0.2724(7) 
0.168417) 
0.0531(8) 

-0.0289 (8) 
-0.0939(E) 

0.0176(8) 
0.097Gt7) 
0.2010(7) 

y/b .---- 
O.J459(51 
0.3035(B) 
0.33GO:5) 
0.1076(5) 
0.2939(E) 
0.218417) 

0.182619) 
0.115(l) 
0.0076(9) 
0.1210(l) 
0.1852(9) 
0.222617) 
0.2610(7) 
0.3988( 8) 
0.4286(9) 
0.3i9(1) 
0.1825(9) 
0.1532(a) 
0.4212(71 
0.5508(71 
0.6668(8) 
0.8109(8) 
0.8663(a) 
0.754218) 
0.607117) 
0.4918(7) 
0.5183(8) 
0.4078(9) 
0.2528(9) 
0.2236(B) 
0.3392(7) 
0.3129(7) 

t/c -__---- -- 
0.5233(4) 
0.5338(7) 
0.2395(0 
0.1603(6) 
0.55790) 
0.6336(G) 
0.6372(E) 
0.7107(8) 
0.7762(81 
0.7719191 
0.6980(81 
0.1660(6) 
0.0891(61 
0.1025(71 
0.0233(8) 

-0.0637(8) 
-0.0757(7) 

0.002501 
0.4493(6) 
0.4965(6) 
0.6271 (7) 
0.6733(7) 
0.5754(E) 
0.4499(7) 
0.3977l6) 
0.2684l63 
0.2352(7) 
0.1007(7) 
0.0818(7) 
0.1215(7) 
0.2575(G) 
0.3078(6) 

ToMc 2. The most important bond dirts- and bond an&s (pm.“) as determined by cryfflllography 

Cl11 - O(l1 
Cl11 - Of21 
Cll) - C(2) 
O(l) - (‘(15) 
CIlS) - Cll6) 
Cl161 - Cl171 
Cll7) - C118) 

C(l8) - Cll9) 
C(l9) - CL20) 
C(20) - C(21) 
C(lb) - C(21) 
C(211 - (‘(221 

132t11 “I81 - 013; L lJ4ll) 

11ec1; 

152(11 
147(11 
151(l) 
155(11 
154(2) 
15512) 
15111) 
1’:2l’) 
1550) 
15Gt:) 

c(a) - 010 
c(a) - c(9) 
0:)) - C(28) 
CL271 - C(28) 
C12G) - C(27) 
C(25) - C(2bl 
Cc241 - (~(251 
C(2)) - C(24: 
CO21 - C!231 

c:22: - CO?) 

c:15: - C(19) 

11811) 
l',Oll) 

14Gf;l 
149(l) 
154(l) 
153(21 
154t1: 
10 3 ( 1 I 
152(l) 
l’>C(l) 
’ 5 5 ( : 1 

O(l) - (‘Ill - O(2) 
(‘(2) - CO) - O(1) 
cc21 - Cl11 - O(2) 
C(1) - O(1) - C(l5) 
C(16) - C(l5) - Cc281 
O(1) - CI15) - CC281 
C(16) - CL151 - O(1) 
C(15) - C(lG) - C(l71 
C(17) - Cl16) - Cc211 
C(l5) - C(16) - Cc211 
Cl16) - Cl211 - C(201 
C(16) - C(21) - C(22) 
C(20) - Cl211 - Cl221 

125(l) 
!ll.YO) 
123(l) 
116.6(G) 
114.118) 
108.115) 
107.0(6) 
109.117) 
112.0(6) 
lOa.4(6) 
111.4(G) 
111.5(51 
114.4(E) 

0: 3) - C(8) - O(41 125.3( 11 
C(9) - C(81 - 001 110.9:6) 

C(9) - C(a) - O(4) 123.817) 

C(81 - 00) - Cl281 118.3(6) 
~(15) - ~(281 - C(27) 111.5(7) 

001 - C(28) - C(15) 107.2(5) 
C(271 - C(2a) - 00) 107.9(7) 
Cc261 - C(27) - C(2a) 113.9(7) 

Cc221 - C(27) - C(26) 110.7(71 

C(22) - Cl271 - C(28) 111.4(51 
C(2)! - C(22) - C(27) 108.0(61 
~(21) - C(221 - C(27) 111.4(7) 

C121) - Cc221 - C(2)) 116.9(6) 

C(22) - C(27) 19.1(9) Cl161 - Cl211 
C(28) - 00) - C(8) - C(9) 172.0(6) 
C(15) - O(1) - C(l) - C(2) 179.9(0 
00) - C(8) - C(9) - C(10) 3(l) 
00) - C(8) - C(9) - C(l4) -175.5(7) 
O(l) - C(l) - C(2) - CO) 13.8(a) 
O(l) - C(l) - cc21 - C(7) -166.9(6) 

-. 
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Fig. I. The crystal strtazturc of rsf-perhydrophenanIh- 
9. IOdiol dibenxoatc. 

Fig. 2. The crystal packing of w-perhydrophcnanrhrene- 
9. IOdiol dibcnroatc. 

ExPE.I.WEvrAI. 

Gmerd merhod~. Proton NMR spcc~ra were ~akcn on a 
V&an T 60. HA 100 or Hnachi R 20 speclrometer. ‘C 
NMR spectra wrth ajcoko FT 100 spatrometcr. IR spectra 
with Pcrkin Elmer spcctronmtm, models 621 and 257. The 
C. H analyses were carried OUI by Atlama Microlabs, 
Atlanta. Ga. TLC was performed on silica gel H (Merck) or 
silufol (Applral sdcncz) wiwil WA H$O, (A). Iodine (B) or 
anisaldehydc soln (C) as ~he detecting agem. The eluting 
wlvcn~ was bcnmnc/McOH (19/I) unkss othcIwisc staled. 
Analytical VPC was performed on a &kin Elmer F I I 
chrcmatograph with flame ionization detector and a 
50 R/O.02 support ooaIaJ capillary column (Perkin-Elmer) 
MIh Carbowax 2OM as tbc srationary phase. Preparative 
VPC was done on a Varian Aaograph 700 with a 30 11/3/a 

column, with Iv,; carbowax 20M on chromosorb W 60/80 
as the sIaIionary phase. Hydrogenations aI atmospheric 
p~urc wcrc done by simply stirring lc soln under a 
measured H, atmosphere until tbe theoretical up4akc was 
reachal. Hydrogenations up IO 6opsi were performed 
on the Parr apparatus. Hydrogenations or Dkls Alder 
mactions aI high pressure and ekvated ~cmp mrr done 
with a Magne Dash auloclavc, Autoclave Engiactn. Erie, 
Pennsylvania. 

sptcial procc&ts 
csc- Perhydrobiphtnic cud. Prcparul according to Ref. I I. 

Yield: 59%. m.p. u16 2% (Lit.“: 56 6%. m.p. 282-W). 
csc-Pcrhydradiphmic acd dimcrhylesrer. Rcpanxl from 

the acid according to Ref. I I. Yield: 88.5%. m.p. 72. 74” 
(lit.“: 95%. m.p. 67-72’) by products: 9.3% monoester. m.p. 
I24 126’ (lit.“: 25%. m.p. 124126’). 

tst-Pcrhydradiphmic acid ciimzthylestcr (2). kparal ac- 

cording IO Ref. I I. buI ulltb changes in proadurc. The 
concernration of the NaOMe was imzmasal IO times, pad 
the rcacIion time was incrcaw?d to 3 hr. Yield: 6%. m.p. 
49 54’ (ht.“: Sp/,. m.p. 47-56’). By product: IS. 1% mono- 
ester. m.p. 114116’ (lit.“, m.p.: 117”). 

tsI-P~hydioplunmrrhrmc-9,I~didr(trPns-Sc. and&-Sa). 
The soln of 3 (26 g) obtained from 2 (20 g) aozordmg IO Ref. 
I2 was freed from xyknc on the rolavap. and the ruiduc 
was dissolved in M&H (3OOml). AcOH (I ml) was added. 
and the soln was stirred with porIions of NaBaH, (toul 
IO g) whik mainrauung the pH aI 6 IO 7 wiIh the aid of YA 
AcOH in MeOH. ABer 2 hr of stirring charcoal was ackkd. 
and the soln was filtered. +hc filtrate was evaporated and the 
residue was stirred for IO min in hot water (200 ml. 80’). The 
residue was colkctcd by liltrarion and recrys~allimd from 
McOH. yield of SC. w/,. m.p. 17Flgl”. By fractional 
crystalliraIion from the moIher liquor it was possibk IO 
obIam Sa in pure form (by TLC). yields of 5r 10%. m.p. 
183 185’. Diol sb was not obmmcd pure. (Found: I)lol Sa: 
C, 74.71; H. 10.75; R,0.35; Dial SC: C. 74.96; H. 10.80. R, 
0. IS. Dial sb, R, 0.25. Calc for C,,H,O,: C. 74.95; H. 
10.780/,). krivatives of diol SC were prepared in the usual 
ways. 

Dynesylou. Yield 9.5%. m.p. 143.5(d). Found: C, SO.46. 
ti, 7.45. Calc. for C,&O,$: C. 50.30: H. 7.42%. 

Diaccrarc. Yield 96”;’ m.p. 73.>75”. Found: C. 69.94; H. 
9.13. Gdc. for C,,Hr,O,: C, 70.10; H. 9.15%. 

Diknzoarr: Yield 8P/., m.p. 121-122’. Found: C. 77.77; 
H. 7.46. Calc. for C,.H.,O.: C. 77.75: H. 7.46%. 

Bir-phrmn&nro&:‘ti~ld 91%. mlp. .l70- 179. Found: 
C. 56.9s: 11. 5.16. Calc. for C,H,Br,O,: C. 56.97; H. 5.1 PA. 

Dial clmwge ojk and Se. A soln of the respective diol 
(Sa). 112mg. together with finely powdered KMnO, 
(2 I I mg) and IO ml of a soln of dicyclobexyl-lgcrown-6 io 
benzene (I g/SOOml) was stirred for 3 hr. filtered. and the 
pp~ was stirred in 5% NaOHaq (IO ml) for IO mm. The soln 
was filtered and the fihratc was acidihal with HCl (10%). 
After one day the soln deposited cryslals. 46 mg (36%). m.p. 
167 174“ (m.p. csr-perhydrodiphznic a&d: 174’“). 

The same proccdurc was applied IO SC. and yielded SO mg 
(41%) ofcrystals, m.p. 216220’ (m.p. rsr-pcrhydrodiphenk 
acid: 223 ‘I’). 

The I R spectra of the a&ls obtained arc idmrical IO thorn 
of authentic samples. 

JR twa.wrrmm~s of inmmokcdar hydrogen hamding in 
die/s k and SC. Tote qcctnrm of a 0.005 molar soln of the 
respective dial in CCl, was measured in a 20mm cell. The 
region from 3500 IO 3Roocm-’ was expanded and calibraIcd 
with circyclohcxancdiol (3626 and 3SR7cm-‘). s1: 
nv A 61 cm ’ (cu dial). Standard value for free secondary. 
SC: Ar = 1 cm ’ (wm diol). OH groups: 3626an ‘.I’ 

Crysldlography. The data were collected on a Syntex-P3 
diliractomctcr at - 3@C. Of 5213 mcasural rctkctions. 
1925 were regarded as sign&ant (I > 3). The spaa yup 
foundwasPT.‘IbedcnsiIyofthccryslolwasl.2gcm~ ,and 
there were two mokcuks in Ihe unit 0~11. The unit all 
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showed the following dimensions (angstroms and degrus): 
a. IO.77 (I), b. Il.73 (2); c. 12.00 (2); alphr 115.97 (9); beta 
87.50 (9); gamma 116.66 (9). Tbc sttiure was solved by 
dlrazt methods using the program SHELXTL. ‘Ihe R, value 
was 7.4304 and R, was 8.390/,. The gexnctrk data arc 
summa&xl in Tabk 1. The stnrtural data have ban 
submitted to the Cambridge Crystallographic Data Center. 
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