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INTRCDUCTION

When a certain body of knowledge concerning a segment of
chenistry has been collected, attempts to exvplain and coxre-
late this knowledge through mechanistic reasoning, soon come
tc thne fore. Such is the time for the segment of the field
of solution photochemlstry concerning the rearrangements of
unsaturated ketones. Although many rearrangements have been
recorded in the literature, only one attempt has been made to
set forth a detailed scheme by which these rearrangements
take pvlace (1, 2). This scheme rust be corrected and refined
whenever posslble so that the end result will be closer to

the truth. This work attempts to supply data which will hope-

fully facilitate this refinement.



HISTORICAL
Resolution of Racemic Carbonyl Compounds

The methods for resolution of racemic xetones and alde-
hydes using optically active reagents which :eact directly
with the carbonyl function to produce diastereomeric compounds,
from which the ketone or al&ehyde can later be regenerated in
a one-step process, are indeed limited in scope. An‘attempt
nhas been made to review the more widely used methods which
utilize these reagents.

In 1903 Neuberg (3) resolved racemic arabinose using
l-menthylhydrazine (I) as the resolving reagent, and shortly
thereafter, Neuberg and Federer (&) resolfed‘racemic galactose
using as-phenyl-d-amylhydrazine (II). Although many more

|

CoHs-1 12

L
I 1T
optically active hydrazines have been prepared, none has
been used successfully for the resolution of carbonyl com=-
pounds (53).
Because of theilr apparent abllity to produce more crys-
talline derivatives, optically active semlicarbazides have

been of somewhat greater utility. EHopper and Wilson (6)

obtained both 4~ and l-benzoln by utilizing both d- and
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;—S-(a-phenethyl)semicarbazide (III).
| CéHS?H-NHCCNHNHZ-
— . CEj3
III
Benc¢oin has also been resolved by Crawford and Wilson

(7) with l-§-menthylsemicarbazide (IV). However, the deposi-

NHCONHNH,

Iv
tion of the ;7benzoin semicarvazone from the gummy reaction
mixture.required years for completion. Although successful,
this resolution can hardly be called practical.
Again in l946,lbenzoin was resolved'by Little et al. (8)
who used both d- and ;78-(a-phenylpropyl)semicarbazidés ()
| 05H5?H-NHCONHNH2 |
A C2H5
v
prepared by the reaction of acetone semicarbazone with both
é- and l-a-phenylpropyl amines, Their attempted resolution
of camphor and 3-methylcyclohexanone, however, failed because
of the non-crystallinity of the corresponding semicarbazones.
In 1958 a new and more versatile carbonyl reagent was
introduced by Shillington et 21. (9). U4=-(4=~Carboxyphenyl)-

semicarbazide (VI) gave a crystalline semicarbazone with



NHzNHCONH~—<<:::>——COZH

VI
3-methylcyclonexanone and resolution of the derivative wes
effected by means of the l-brucine salt. With this reagent,
any of several naturally occurring optically active bases may
be used as the resolving ageﬁt.

The resolution of 2,6-diﬁethyl-8-octanal was carried out.

in 1952 by Nerdel and Henkel (10) using d-tartramide acid
nydrazide (VII). Although no kxetones were resoived by these

CONENH2
—— OH
HO—
CCNEp

VII
authors, d-tartramazones of several ketones were prepared.
Also using VII, Mislow and Hamermesh (1l) resolved 2-phenyl-
cyclopentanone.,
In 1941 Woodward et 2l. (5) succeeded in resolving canm-

phor by using l-menthyl-N-aminocarbamate (VIII), which is a

OCONHNHp

VIII

ighly crystalline material., These authors prepared crystal-

~
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line derivatives of several carbonyl compounds, but only one
besides camphor is potentially optically active. Alsc using
VIII, Sobotka et al. (12) resolved a-ionone, but only wita
difficulty. This was due to the relatively slight differ-
erices in solubllity of the diastereomeric derivatives. This
reagent was also used by Adams et al. (13) to rssolve 3-
methylcyclohexanone,

In 1950 Ieonard and Boyer (14) introduced a new carbonyl
reagent, 1l-5-(a-phenylethyl)semioxamazide (IX), utilizing

C6H5CENHCOCONENED
(IJH3
X

optically active a-phenylethylamine as the starting material
for its preparation. 3-Methylcyclonexanone was successfully
resolved with the reagent. The authors indicated that facile
nydrolysis of the derivatives of this reazgent 1s one of 1its
advantages, but cleaved the 3-methylcyclohexanone derivative
by boiling for a few minutes with excess 20% sulfuric acid.

Kotake and Nakaminami (15) used l-3-methyl-5-(c-methyl-

pnenylethyl)serxioxamazide (X) to resolve flavan-4-one.

e

'~ COCONHNE,
e

CgHg-

b —
i

=y

v
X

Adams and Garber (16) successfully resolved 3-methyl-

cyclohexanone and B-methylhydrocinnamaldehyde by means of an
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optically active amine bisulfite addition product (XI). This

\\\ /,OH
c
N

-~ so3@ R*NHB@
4,1 dorl

XTI
method suffers from the introduction of a new optical center
on formation_of the addition compound.

Casanova and Corey (17) have resolved camphor by means
of its D(l)-2,3-butanediolketal. Gas-liquid phase chromato-
graphy was used to separate the dlastereomeric ketals, bdut
this method limits the workable scale considérably and neces-
sitates an empirical search for a suitable ligqulid phase which
will effect the separation. Also, only relatively volatile
materials can be used.

Corey and Mitra (18) have prepared L(d)-2,3-butanedithiol
ané have successfully resolved flavan-4-one and logifolene by
neans of their optically active thioketals. The diastereo-
mefic thioketals of flavan-4-one were separated by recrystal-
lization and those of longifolene by gas-liquid phase chroma-

tography.
Photochemistry of 2-Cyclohexenones

Although the number of photochemical rearrangements in-
volving 2-cyclohexenones is limited, their Iimportance in the

study of photochemical mechanisms is quickly beilng realized.
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Irradiaﬁion of verbenone (XII) in refluxing cyclohexane gave
_chrysanthenone (XIII) in good yield (19, 20). Cptically
active XII gave XIII with an optical purity lower-than that
he 1 > 7~ QQ: .
~

e o R he

' |
XII XIII ™~

XIV
of the starting material. The optical purity of XIII de-
creased with longer irradiation times because of the photo-
equilibrium between XIII and XIV,
Kwie et al. (21) found that irradiation of a*-cholesten-
3-one (XV) in t-butanol gave the cyclopropyl ketone XVI. The

CgHi7 . CgHiz
l

O/

XV
authors state that because the reaction is stereospecific it
is almost certainly concerted and suggest a polar excited
state for the reaction.

Analogously, Chapman et al. (22) found that irradiation
of testosterone acetate (XVII, B=Ac) also gave stereospecific

products (XVIII and XIX). This reaction did not proceed



OR

OR

hy
1-BuCl

XVII

- XIX
smoothly in aprotic media and therefore proton donation at
some stage of the rearrangement was suggested.

Independently, Jeger et al. (23, 24) found that testo-
sterone itself (XVII, RB=E) gave the analogous products (XVIII.
and XIX). He further states that there exists an equilibrium
between XVII and XIX, and that XVIII is not derived directly
from XIX.

In sharp cohtrast is the photochemical rearrangement of

l0a-methyltestosterone (XX) to give XXI (25). In this systen,

H OH
| |
hy N
O t-BuOH O~



a seemingly subtle change 1n stereochemistry opened a com-
pletely different photochemical pathway.
3-0xo-l?8racetoxy-Al’5-androstadiene (XXII, 23, 24) has
been shown to give four products (XXIII, XXIV, XXV, XXVI),
The interconversion of epimeric pairs XXIII and XXIV, and XXV
and XXVI has been shown to occur. However, the interconver-

sion between these pairs is still a matter of speculation.

Cj;
XXII
N
hv?| |he?
\V4
!
O

An equally interesting and somewhat simpler system was
investigated by Chapman et al. (22). Irradiation of 4,4-
dimethyl-2-cyclohexenone (XXVII) in t-butanol gave two prod-
ucts (XXIX and XXX), while irradiation in acetic acid gave
two additional products (XXXI and XXXII). A dipolar excited

state (XXVIII) was used to explain the products.



—7 XXIX : XX

\; ¥ hy j\
Q hes HOAC
XXVIII C)/%D O -

XXVII i

XXXT Ftch I?

Zimmerman has found (26) that irradiation of 1lQ0-methyl-

Als9-octalone-2 (XXXIII) and 4a-methyl-k,4a,9,l0-tetranhydro-
2(3H)~-phenanthrone (XXXIV) gave rise to bicyclic ketones
XXXVI and XXXV, respectively, which are analogous to XXIX,
obtained from 4,4-dimethyl-2-cyclohexenone (XXVII). These

>

XXXIII
XXXIV XXXV

O~
, CeH ~
o~ or t-BuOH
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results were refexrred to in a lecture presented ét an Inter-
national Symposium on'Organic Pnotochemistry which was held
after the work to be presented here had been well in progress.
Zinmerman and Wilson (27) carried out the irradiation of
L, ,L-diphenyl-2-cyclohexenone (XXXVII) and obtained two bicy-
clic products (XXXVIII and XXXIX) which are photochemically

R
hl/ > < hll
EtOH or ho > _
C6H6 \ ‘\‘ \Ph
Ph Ph s H by
XXKXVII )
LXVIIT KXKLIX

interconvertible. Although structurally'similar to XXVII,
XXXVII gave no bicyclic ketone analogous to XXIX, which re-

quires 4,5-bond breakage rather than phenyl migration.
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ZESULTS AND DISCUSSION

Eesolution of Racemic “a-Metayl-4 4&,0 10~te‘*“ﬁy"*o-

/9 b=
-Z(Jul—pnb“aut“- ore and =zacemic Ya-lethyl
,v,ba 2,10,10a- LEAathTO-Q,LOa—
clo ~-3{2Z) -phenantnrone
Lltnough several methods have been used for the resolu-~
Tion of raceiilc aldenydes and ketones, none has proven to be
entirely satisfactory. 4axong the major difficulties encoun-

tered with these methuds alie:

a. Preparacion of the optically active carbonyl reagent.

c. Production of geometrical isomers or a new optical
center.

é. Stringent hydrolysislconditions used to regenerate
the carbonyl compounds.
ifficulty 2 1s present in most of the more comzmon
zethols for resolution because_of the lack of commercially
available or naturally occurring optically éctive carvonyl
reagents., In most cases, the preparation of the reagent is
at best tedlous and often 1is quits difficult. Once the prep-
earation nas bteen carried out, the reagent may be difficult to
purify, and may itself be non-crystalline.

The best résuits’in resclution procedures are obtained
when crystalline derivatives of the carbonyl compound are

obtainable. If olly derivatives are obtained, gas-liguid
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phase chromatography may, in some cases, be used to separate
the diastereomers. However, separation is not assured and
only relatively small guantities of compounds can be isolated
in a reasonable 1ength‘of time.

in discussing ¢, 1t is convenient tc classify carbonyl
reagents into two categoriés, (e) reagents which maintain sp2
nybridization at the carbbnyl carbon subsequent to reactlion,
'and (f) reagents which change the hybridization at the car-

2 to sp3. Ideally, 1f we assume use of a

bonyl carbon from sp
¢ resolving reagent, its reaction with the carbonyl compound
will yield two dlastereomeric derivatives 4,4 and 4,1. The

separation of these two compounds is then, the basic problem
d resolving reagent + 4,1 carbonyl compound —> &,4 + 4,1

involved in this method of resolution. EXowever, where the
resolving agent is of type e (usually a nitrogen compound),
the number of product compounds is generally increased by the
existence of geometrical isomers 4',d' and 4',1l'. This
usually resultslin less crystalline'crude reaction mixtures

and more difficulty in separation of the products.

Ll a L
//\ 1/ . //\ // .
O R & R R ¢
RNH, + L, —> +
R 4
d R R N I:\)\N ar

d | 4
d»1 //)\\ y /’)l\ y

A
Py
I~
2,
A
=
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Type f reagents give rise to only two product compounds
(except in the case of the amine bisulfite reagents where a
new optical center is produced), and the chance for success-
ful separation of the diastereomers appears to be'gfeater than
with tyve e reagents.

The hydrolysis of derlvatives produced by use of type e
reagents 1s. generally more difficult than that of derivatives
obtained from reagents of type f. 1In the former case, temp-
eratures near 100° and moderate concentrations of mineral
acid are needed whille in the latter case, dilute acids at
room temperature may be sufficient.

In order to obtain optically active ketones for a_phot&-
chemical study, & method of resolution was needed which would,
in particular, allow mild conditions for the regeneraticn of
the carbonyl component. Two ketones were to be resolved,
4a-methyl-b,42,9,10-tetranydro-2(35)-phenanthrone (vhenan-
throne, XX{IV) and 4a-methyl-1,4,4a,9,10,l0a-hexahydro-k4,1l0a-
cyolo;B(ZH)-phenanthrone (cyclophenantnrene, XXXV).. It was
feared that rigorous acid hydrolysls of any derivative of
XXXV would cause the three membered ring to be ruptured.
After attempting the resolution of XXXIV by means of an

optically active ketal and acting on the suggestion of Dr.

William Breitbeil,* Dr. William Welstead obtained partial

#This author wishes to acknowledge the original sugges-
tion of Dr. Breitbeill.
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resolution of XXXIV by means of an optlically active iminium
salt. Thils method of resolution proved to be very fruitiul,
_ first tecause the d-camphor-l0-sulfonic acid used for the
resolution is commercially available and eliminated the need
to synthesize an optically active reagent, secondly, no geo-
zetric 1somers or new optical centers are produced during
the resoluticn and lastly, perhaps most importantly, very
mild conditions could be used for the regeneration of the
carbonyl compound. This method of resolution, very promising
at this point, waébused by the present author in odtaining
optically pure XXXIV and XXXV,

Treatment of La-methyl-4,4a,9,10~-tetrahydro-2(3E)-~
dhenanthrone (XXXIV 4,1, Figure 1, page 17) with pyrrolidine
in methanol gave the enamine XL (m.p. 107-109°) in excellent
yield. The infrared spectrum (KBr) showed double boné zabsorp-
tion bands at 6.09 and 6.21 p. The ultraviolet spectrum
showed N\2PSe ECOH >guny (22,200).% Johnson et al. (28)

nax

report 6.12 and 6.23u and ASOF 297mu (20,925) for the

pyrrolidine enamine of progesteréne. Support for the hetero-
arnular diene structure comes from the work of Bowden et zl.
(29) who report thet l-diethylamino-l,3-butadiene shows
AééEOhOI 281lnp (23,500). This compound, iike butadiene
itself (30), probably exists almost entirely in the transoid

*The author is indebted to Dr., William Welstead for
the spectral data.



figure 1. Hesolution of racemic phenanthrone
(XXIV §,1) :
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CH,SO5H
>
d
©
CH,SO;
O
S g
N 2 “
- @" H.O = o=
- dand 1 d and 1
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conformation. Also Dorfman (31) has found that transoid
Clenes have ultraviolet molar extinction values of 14,000~
28,000 whereas those of cisoid cdienes are in the ranges 5,000~
15,000.

Treatment of the realtively stable enamine XL with

d-ceanphor-10-sulfonic acid gave a yellow ipinium salt (KLI)

in good yield. Systematic recrystallization of the salt from
ethyl acetate-methanol (Table 1, page 19) gave two diastere-
omeric salts (XLI & and XLI l). The dextrorotatory salt
(LT &) showed [@)B7 = +168° (c 1.0, 95% ethanol), Aggp ~°OF
269mu (23,400). Its infrared spectrum (Figure 2, page 22)
snows the 5.75u carbonyl absorptions of the camphor sulfonic
acid anion and the 6.13u absorption of the >C = N<) moiety
(32). The n.m.r. spectrum (Figure 3, page 24) shows the
vinyl singlet at 3.427T, the protons o to nitrogen as a broad
absorption btand at 5.87T (32), the guartet at 6.64, 6.88,
7.22 and 7.567T due to the non-equivalent hydrogens of the
methylene group adjacent to sulfur (33), the angular methyl
singlet a2t 8.39T and the camphor sulfonic acid methyl sing-
lets at 8.90 and 9.22T . That the protonation actually occurs
at C-6 rather than on nitrogen or at C-4 is supported by sev-
eral data. Protonation of nitrogen is excluded by the absence
of two olefinic proton absorptions in the n.m.r. spectrun.
Protonation of C-4 is excluded by the appearance of the

>C = N<) at 6.13p. Leonard and Paukstelis (32) report infra-
red absorption of XLII at 6.17u and that of XLIII at 6.00u.



Table 1. BRecrystallization scheme for XLI
Crop no. I IT
We.(g.) 18.5 1.0
|
| | | | 1
A-1l  A-2 A-3 A~ A-5  A-6
3.9 5.1 3.5 1,3 2,4 1.0
+153 =107 +98 -83.5 +25.9 49,0
11, Aré A-i-5 AIB
[ | [ | I ! ! { | [ |
B-1 B-2 B-3 B-4 c-1 ¢-2 C-3 : D-1 D-2 D-3 D-4 y
.72 .29 A7 .29 1.1 .53 <34 1.1 L9 .58 .55 O
+7,31 -10.3 +15.9 +11.0 +63.8 -46,7 +20,2 +161 4166 +102 -40.7
: \
A-l-b/ A-i-z A-1
] I I [ | | r l. | |
E-1 E-2 E-3 F~1 F-2 PF-3 . G=1 G-2- G=3 G-4
.65 21 .23 1.9 1.3 .62 1.7 .55 .68 .59
-125 =125 +71.5 -126 =130 =-130 +165 +168 4168 4109
B-2,C-2,D-4 B-1,B-3,C-3,C~1,E-3,H-4 D-3,G--4
4 |
| | ! | ! [ | | 1 | [ | |
H-1 H-2 H-3 H-4 H-5 I-1  I-2 I-3 I-4 1I-5 J-1 J-2 J-3
15 0 .21 .22 .37 .18 .38 .39 .67 .5). .54 .38 .22 .23
-127 =127 =70 +46 -7.4 +153 +149 =74 4L 13 +160 +163 433



Table 1, (continued)

H-3,1-3 J~3,IT4,I-5
|
| | l [ | ]
K-1 K-2 K-3 L-1 L-2 L-3
.27 .12 .22 .39 .39 L
-125 =126 -31 +87 -23 433

E—l,E—z,F-l,F—Z,FIB,H-l,H—Z,K~1,K—2 ‘
A [ l |
N-1 N-2 N-3 N-4

2.4 .97 .83 .46
-131 =130 -130 =131

D-l,D—z ’G"'l 9G"'2 ,G"B,J"l ,J"Z’I"I“l,l‘i"z

. l
I I I l l I
0-1 0-2 0-3 0-4 o0-5 0-6
1.8 1.1 <59 .68 . 54 .15

+168 +168 +169 +169 +168

I-1,1-2

M-1 * M-2
.51 .09
+165 +166

0FA



gure 2, Infrared spectra

~Iminium :alt (XLI
ellet)

[o?

Top -
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Bottom - l-Iminium salt (XLI
pellet)

d) (potassium bromide

1)

(potassium bromide
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Figure 3. Nuclear magnetic resonance spectra

Top - d-Iminium salt (XLI &) (deuteriochloroform
solution)

Bottomn ~ l-Iminium salt (XLI 1) (cdeutereochlorcform
solution)
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Alsc, the high molar extinctioh coefficient of thé ultra-
violet absorption indicates a conjugated system. The levoro-
tatory, salt XLI 1 showed [&J%7 = -131° (¢ 1.0, 95% ethanol),
Aggg EtOH 269mu (23,000). Its infrared spectrum is shown in
Figure 2, page 22. Its n.m.r. spectrum is shown in Figure 3,
page 24, |
Eydrolysis of the iminium salts proved to be extremely
facile. Treatment of the dextrorotatory salt (XLI 4) with
0.1 N aquecus potassium hydroxide solution for five minutes
at rocom temperature gave dextrorotatory phenanthrone (XXXIV &)
with melting point 68-68,5°, [@]%7 = +332° (¢ 1.0, 95% ethan-
cl). Hydrolysis of the levorotatory salt (XLI ;)'gé;z“levoro-
tatory phenanthrone (XXXIV 1) with melting point 68-69°,
[@]%7 = -332° (¢ 1.0, 95% ethanol). The solid state infrared
spectra of XXXIV § and XXXIV 1 (Figure 4, page 27) are super-
imposable and neithe; shows any absorption attributable to the
racexic compound XXXIV 4,1. The optical purity of the enan-
tiomers is strongly supported by their identical melting
»>ints, thelr superimposable solid state infrared spectra and
their equivalent specific rotations. That no structural

alteration had taken place during the resolution was shown by

combining equal welights of 4- and ;rphenanthréne, dissolving



Figure 4, Infrared spectra

Top - Racemic phenanthrone (XXXIV ¢&,1) (Dotassiux
romide vellet)

iddle - Dextrorotatory phenanthrone (KKXLV a)
(potassium tromide pellet)

Bottom - Levorotatory phenanthrone (XXXIV 1)
(pobassium bromide pellet)
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the mixture 1in ether and allowing the ether to evaporate. The
residue ha& the same melting point and solid state infrared
spectrum as the racemic compound.

Altnough the separation of the dilastereomeric iminium
salts XLI & and XLI 1 proceeded very well, the recrystalliza-
tions had to be carried out with rapid cooling and stirring.
I the deposition of crystals from solution was allowed to
proceed slowly at room temperature a bright crange salt (m.p.
250-255°) isomeric with XILI (elemental analysis) began to
deposit after about six hours. This salt was difficult to
purify, but recrystallization from acetonitrile gave = sample
wnich analyzed for XLI., Hyérolysis of this szlt in base did
not give phenanthrone XXXIV but a poor yield of what appeared
to be a2 complex mixture of products (thin layer and infrared
analysis). This salt was not investigated fuxrther.

In contrast to the relative ease with which pheranthrone
was resolved, the resolution of cyclophenantnrone (XXXV) N
vproved to be rather difficult. Attexpted preparation of the
enznine of XXXV resulted in a brown gum which, however,
showed the 6.18k infrared absorption band required Tfor the
enanine, DBecause of the difficulty in characterizing this
gun further, it was added to d-camphor-l0-sulfonic acid in
hopes of isolating the desired iminium salt XLIV. Although
this mixture showed the infrared bands reguired for XLIV, no

crystalline material could be obtained. A new aporoach was
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definitely indicated.

A mixture of cyclophenarnthrone and pyrrolidine ¢&-
camphor-l10-sulionate was refluxed in toluene with hopes of
isolating the desired salt (XIIV) directly. After»lé hours
the solvent was removed and an infrared spectruz (XKBr) of
the resulting solid was recorded. The presence of a 5.8%u
band and the absence of 5.98u absorption band ( >C = N@j;
(32)) indicated that this was merely a mixture of the two
components and not the desired XLIV. Again, another route
was indicated.

In 1963 Zeonard and Paukstelis (32) prepared the iminium
perchlorate salts‘of several ketones and aldehydes. Treat-
ment of XXXV with pyrrolidine perchlorat¢ in ethancl at rcon
temperature resulted in a high yield of the stable iminiunm
perchlorate salt XLV 4,1 (Figure 5, page 31). The infrared
\C = Tfj absorption

/ \

at 5.98u and the expected broad perchlorate band at 9.15x.

spectrur {K3r) exhibited the expected

The desired salt (XLIV) could now be obtained by exchanging
the perchlorate anion for the d-camphor-l0-sulfonate anion,
Treatment of XLV with potassium d-camphor-l0-sulfonate in
methanol at room temperature gave potassium perchlorate by
netathesis. This was filtered off, and tne solvent was re-
moved from the filtrate giving a clear, colorless glass which
deposited crystals of XLIV on trituration in cold ethyl ace-

tate. Systematic recrystallization (Table 2, page 32) of



of racemlc cyclophenanthrone
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Table 2, Recrystallization scheme for XLIV

Crude mixture

r I I | 1 I | 1
Crop no. I II III IV v VI VII VIII residue
Wt.(g.) 0.73 0,80 2.39 1.80 2.90 1,50 1.35 0.72 0.81 »
[oJp +33.9 +26.o +1.77 +1.40 +422.0 48,0 +23.5 +9.,6 XXXV
I1,V,VII A-2,A-3,IV,A-4
_ [
l | | | - | I |
A-1 A=-2 A-3 A=l B-1 B-2 B-3 B-4
1,64 1.23 1.28 .23 1.30 1.06 2 .99
+34.,9 +415,6 +18,8 +22.9 l+11.2 +20.3 +15.,7 +14.4 |
[ [ [ T ]
Cc-1 C-2 Cc-3 C-U C-5
.22 R .79 837 U5
+0.7  +1.1 |+21 - +18.,5 +16.4
Nl I
D-1 D-2
.52 .30
+24,0 +21.5

e

49



Table 2. (continued)

III,VI,VIIi,C-1,C-2 T,A~1
|- |
[ l [ I ! I | [ I [ ]
E-1 E-2 E-3 E-4 - E-5 E-6 E-7 G-1 G-2 G-3 G-h
. 50 .28 .19 .52 .33 .33 .33 .90 W40 .29 .07
|+0.8 +0,6 l +1.5 +1.3 42,4  +1,7 +15.9 Lj37.8 +37.2 +37.6| +36.8
| ’* I |
i l ' [ [ |
L-1 L-2 K-1 K-2 -  K-3
.35 .15 : L6 .36 .10
0.00 0,00 : +38,41 439,22 +38,87

€€
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this material gave a dextrorotatory salt (XLIV &) with

g o fod P
gg Et0Z o48mu (9,000),

[@]%7 = +39.2° {c 1.0, 95% ethanol), 'Ag
232mp (8,100) (calculated for the monohydrate). Its infrared
spectrum (Figure 6, page 26) shows the 5.75« carbonyl absorp-
tion of the camphorsulfonic acid anion and the 5.97¢ absorp-
tion ol the >C = N<D moiety (32). The n.m.r. spectrum (Figure
7, page 38) shows the 6.6k, 6.89, 7.22 and 7.46T quartet
{(half of which i1s just discernible) due to the non-eguivalent
hydrogens of the methylene group adjacent to sulfur (33), the
engular methyl singlet at 8.38T and the camphor sulfozic
acid methyl singlets at 8.87 and 9.17T . The levorotatory
salt (XLIV 1) showed [&)37 = 0.00° (¢ 1.0, 95% ethanol),
NI5% ZOE 268my (9,500), 232mu (7,800) (caleulated for the
'monohydrate). Its infrared ard n.m.r. spectra are shown in
Figure 6, page 36, and Figure 7, page 38, respectively.
Eydrolysis of the dextrorotatory iminium salt (XLIV &)
gave dextrorotatory cyclophenenthrone (XXXV d4) with m.p. liO-
121°, [@7%7 = +42.5° (¢ 1.0, 95% ethanol). EHycrolysis of the
levorotatory salt (XLIV 1) gave levorotatory cyclophenan-
throne (XXXV 1) with m.p. 109.5-111.5°, [eJ37 = -42.3°
(¢ 1.0, 95% ethanol). The solid state infrared spectra of
CXEXV 4 and XXXV 1 (Figure 8, pagé 40) are superimposable and
r.either shows any absorption attributable to the racemic com-

pound XXXV d4,l1.

The optical purity of the enantiomers is strongly sup-



Figure 6. Infrared spectra

Top - d-Iminium salt (XLIV d4) (potassium bromide
pellet)

Bottom - l-Iminium salt (XLIV 1) (potassium bromide
pellet)
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gure 7. Nuclear magnetic resonance spectra
Top -~ d-Iminium salt (XLIV &) (deuteriochloroform
solution)

Bottom - l-Iminium salt {XLIV 1) (deuteriochloroform
solution) N
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Figure 8.

Top -
riddle -

Sotton -

Infrared spectra

Racemic cyclophenanthrone (XXXV d,1)
(potassium bromide pellet)

Dextrorotatory cyclophenanthrone (XXXV &)
(potassium bromide pellet)

Levorotatory cyclephenanthrone (XXXV 1)
(potassium bromide pellet)
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ported by their identical melting points, thelr superimpos-
able solld state infrared spectra and their equivaient spe-
cific rotétions. That no structural alteration had taken
vlace during the resolution was shown by combinin~ ecusal
weights of 4 and 1 cyclophenanthrone, dissolving tvae mixture
in ether and allowing the ether to evaporéte. The residue had
the same melting point and solid state infrared spectrum as
the racemic compound.

A study on the generality of the resolution of ketc .es

-r

through iminium salts has been carried out vy Adams (34). EHe
foﬁnd thap a,B-unsaturated ketones can be resolved fairly
readily,;bﬁt tne iminium salts of saturated ketones are ex-
tremely sensitive to hydrolysis.
Photochemistry of La-lethyl-4,4a,9,10-tetrahydro-
2 (3H) -phenanthrone

'In the past several years there has been a substantial
increase in the number of papers published concerning photo-
chemical rearrangements of unsaturated ketones. Very recent-
1y, several of these papers have dealt with the mechanisms by
wnilch these rearrangements occur., The mechanistic pathways
proposed for rearrangements of 2-cyclohexenones are no excep-
tion to the controversies which exist in the field of photo-
chemistry. A study of 4a-methyl-4,4a,9,18-tetrahydro-2(3H)-
phenanthrone (XXXIV) wés undertaken-wifh hopes of elucidating

these pathways. Because of the profound effects which sol-



L2

vents impress upon pnotochemical reactions, three solvent
systems were investigated in thié study, glacial acetlic acid,
aqueous acetic acid and t-butanocl.

Irradiation of phenanthrone (XXXIV) in glacial acetic
acid produced a very complex mixture of products. Coluzn
chromatogi'phy of the mixture failed to separate cleaaly any
products except one (ca. 1%), which is tentatively assigned

structure XLVI on the following evidence. The presence of

\\

d/
XLVI

an exo-metnylene group is indicated by the 3.25, 6.07 and
11.13a bands in the infrared spectrum (Figure 9, page 44).
The 5.84u band is consistent with & six-membered ring ketone.
The n.m.r. spectrum (Figure 10, page 46) shows a four-proton
rultivlet at 2.84T assignable to the four aromatic protons
and a two-proton singlet at 5.12T assignable to the exc-
nethylene protouns, which are apparently magnetically ecuiva-
lent. The two-proton multiplet near 6.88T is assigned to
the benzylic protons and the methyl group appears at 8.37T.
Although 8.75T is high for the methine proton, the lack cf

large splitting for the broad one-proton band dictates this



Pigure 9. Infrared spectra
Top - Keto-olefin (XIVI) (capillary film)

Middle - Monobenzylidene derivative of keto-olefin
(XLVII) (potassium bronide pellet)

Bottom - Ketols (XLVIII a,b) (capillary film)
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PFigure 10. Nucleaxr magnetic resonance spectra
g 128¢ P

Top - Keto-olefin (XLVI) (carbon tetrachloride
solution)

Bottom - Xete<olefin (XLIX) (carbon tetrachloride
soMution)
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assignment. The four-proton multiplet downfield from the
methyl group is then caused by the protons ¢ and B to the
carbonyl group.

Treatment of XLVI with btenzaldehyde and base gave a

A

waite monobenzylidene derivative (XIVII), m.v. 119-123°,
o% ETOX 300mu (16,600) and 231mu(s) (5,500). Honobenzyl-

9
Nia%
s ] 95% EtOE _ ,
idenecyclohexanone shows A7Z% 290mp (11,200) (33). The

<

infrared spectrum spectrum (Figure 9, vage 44) shows double
bond absorption bands at 3.27, 6.07 and 11.07p ard the ex-
pected (356) carbonyl Tand at 5.96p. |
Because of the small amount of material available and
the inability to isolate more material frox a second irradi-
ation, nc more data for this compound were collected,; and the
structure must be considered tentative. Also, that XILVI was
produced via a pnotochemical pathway has not been shown.
Because of the difficulty in separating and character-
izing products from the irradiation of phenanthrone (XXXIV)
in glacial acetic acild, a different solvent system was chosen.
Irradiation of phenanthrone in agueous acetic acid (75% acetic
acid by vdlume) for 126 hours gave rise to a complex product
mixture which was separated by column chromatography on
a2lumina. From the mixture, four products were identified
(XLVIII a,b 30%; XLIX, 5%; L, 3%; LI, 1%; Figure 11, page 49;
based on recovered crude XXXIV) and the possibility of =z Tifth

(XXXV, 2%) was indicated by thin layer analysis only. That



Figure 1l1. Irradiation of phenanthrone (XXXIV) in
aqueous acetic acid
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XLVIII a,b; L and LI weire not artifacts produced during wdrk-
'up is supported by the presence of eéch of Thelr methyl group
apsorptions in n.m.r. spectra of the crude reaction mixture
both in benzene and in carbontetrachloride. These spectra
showed broad absorption bands at 6.38 and 6,657 respectively,
which disappeared on shaking the samples with DyC indicating
that alcohols were present. The stabllity of an acguesous
acetic acid solution of XXXIV in the absexnce of light was
snown by the stabllity of its ultraviolet atsorbance and by
the recovery of unchanged XXXIV from the solution (see =x-
perimental).

Support for the validity of structure XLVIII =,t, is
obtained from the 2.88u hydroxyl and 5.75-5.80u carbonyl
absorption bands in its infrared spectrum (Figure 9, page 44).
The n.zn.r. spectrum (Figure 20, page 74) shows two methyl
peaks at 8.62 and 8.67T , which could not be collapsed to 2
single peak during irradiation at all frequencies encompassed
by the spectrum. This proves that the two peaks do not conm-
prise a doublet caused by coupling to an adjacent proton,
but, in fact, are the absorption bands of two discrete com-
pounds. The peak at 6,907 disappears on shaking tne sanple
with Do0 and on addition of dimethyl sulfoxide to a separate
sazple is shifted to a 5.13T singlet. These data indicate
the presence of tertiary alcchol (37).

Dehydration of XLVIII a,b with phcsphorcus oxychloride
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gave XLIX in 453 yield, AJZF “POF 2lismy (10,900) and 282zu
(s) (1,200). o-¥ethylstyrene shows N\23% =CO0F 2k2my (10,000)
and 282mp (300) (38). The infrared spectrum (Figure 12, page
53) shows the 3.27, 6.16 and 11.15u absorption bands of the
terminal methylene group and the 5.73u absorptioh vand of the
carbonyl group. Thé n.n.r. spectrun (Figure 10, page 46)
snows two sharp, oné—proton éinglets at 4.56 and 5.12T , the
forzer being the absorption bahd of the protor nearest the
benzene ring. The peaks at 4.27 and 8.50T are presumably
due to the presence of a sxpall amount of preranthrone (XXXIV)
as a2lso indicated by the absorption band 2t 5.98x in the
infrared spectrum of XLIX (presumably this was derived fron
L or/and LI). Since tne dehydration of XLVIII z,b proceeded
in only 45% yield, its epimeric nature 1is nbt proven., How-
ever, the inability to separate XLVIII a,b by column or thin
layer chromatography, and the relative simpliicity of 1its
infrared and n.m.r. spectra, suggest that it is & simple epi-
- meric mixture. B

Treatment of keto-olefin XLIX with benzaldehyde and base
gave two dibenzylidene derivatives LII and LIII (Figure 13,
page 55). The former (LII) had a melting point of 136.5-
138.5° and showed A 922 FPOE 3uomu (30,100) and 239mu
(24,000). The infrared spectrum (Figure 12, page 53) ciows

double bond absorption bands at 3.27, 6.19, 6.37, 6.25 (s)

and 11.18u and a carbonyl band at 5.94p. The latter (IIII)



Figure 12. Infrared spectra

Top - Keto-olefin (XLIX) (carbon tetrachloride
solution)

Middle - Low melting dibenzylidene derivative (LII)
(potassium bromide pellet)

Bottom - High melting dibenzylidene derivative (LIII)
(potassium bromide pellet)
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Ffigure 13. Ozcnolysis of dibenzylidene derivatives
LII and LIIT
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%» ZtOE
had a melting point of 173- -175° and show ed \322 =tOE 347z

(30,400) ané 239mz (20,400). Since this iscmer contained
residual acetone not removed by drying (infrared spectrux

z iy 3 PRI ol a1 de X op ;= 9

5.8% and n.m.r. spectruzm 7.890 ) the extinction values zust
bz considered minimal. The infrared spectruz (Figure 12, page
53) shows absorption bands at 3.27, 5.93, 6.18, 6.25 (s), 6.35

,-

and 11.10x. Dibenzylidenecyclopentanone itself shows pezks in
the infrared (KBr) at 5.95, 6.17, 6.22 (s) and 6.37u while
absorption in the uitraviOLet occeurs at ngg TtOE Shlmp
(27,500) (35). That LII and LIII are merely stereoisomers

is supported by‘their ultraviolet spectra recoided alter
allowing theilr ethanol solutions to stand in the laboratory
for twc weeks. LII then showed \223 2T0E 34o9my (24,700)

and 241z (21,000) and LIII showed 250 2¢9% 347mu (23,900)

and 241my (20,300). The ratics of their rmolar extincticn

coefficients before and after the two week period are:

IIx { LIIX E TII : C LI7I
37 " 347 v e . S 347 _ C oy _
E.LII 1.25 E:IJIL 1.59 I '1.18 LIII 1.18
239 239 € s < 21
Before After

Thgt these ratios reach the same value strongly suggests that
LIT and LIII are equilibrating to a common mixture, probably
vhotochemically. Also supporting their stersoisomeric rela-
tionship is that both have a molecular weight of 388 (mass

spectrometric) and yield a common degradation product (Figure
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13, page 55).

The stereochemistry of LII and LIII is assigned by exan-
ining their n.m.r. spectra {(Figure 14, page 59). The two-
proton multivlet of LII centered at about 2.05T is assigned
to Hg and He which experience the deshielding effect of the
carbonyl group and very probably both benzene riﬁgs. Tre
one-proton singlet at 3.247T 1is zssigned tc d. becauss of

o

its lack of splitting. The two one-proton singlzts at 4.36

(&)

ile

ct

and 4.90T are assigned to the exo-methylene group wY ne
four-protg?_multiplet at 6.93T is assigned to H, Ey (39)
and tne benzylic protons. The highly split multiplet centered
af about 7.94T 1is then assigned to the two remaining ali-
phatic protons a to the spiro-carbon. Tae two one-proton
singleté of LIII at 4.30 and 4.94T are assigned to the ezo-
methylene protons. - The one-proton singlet at 2.08T is
assigned to Hg which experiences the deshielding effects of
the carbonyl group and very probably the benzene ring cis to
the carbonyl group. The benzene ring trans to the carbonyl
group has been assigned this configuration because of the
obvious change in position and splitting pattern of the pro-
tons ¢ to the spiro-carbon,

Czonolysis of either LII or LIIT followed by oxidative
workup gave l-tetralone-2-acetic acid (LIV) which was iso-
lated and characterized as its 2,4~dinitropnenylhydrazone

(LV) (Pigure 13, vage 55). This derivative had the same



Figure 14. Nuclear magnetic resonance spectra

Top - Low melting diberzylidene derivative (LII)
(deuteriochloroform solution)

Bottom - High melting dibvenzylidene derivative (LIII)
(deuteriochloroform solution)
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melting point and infrared spectrum (XBr) (Figure 135, page
62) as a sample which had been prepared by a syathetic route.
Tnis then, completes the structural proof For XLVIII a,b.
Since XLIX obtained directly from the irradiation mixture had
ne same spectral characteristics a2s that obtzined from the
dehydration of XLVIII a,b, the structural prcofl for XLIX is
also complete.'

The gross structure proposed for L and LI 1s supported
oy degradative and synthetic routes and spectral data. L had
a melting point of 155—157° and showed strong absorpiticn at
2.95 and 5.90u in its infraréd spectrum (Figure 16, page 6%).
LI nad a melting voint of 195-197° and showed strong absorp-
tiorn 2t 2.95 and 5.88g in its infrared spectrum (Figure 17,
page 46). Both isomers were synthesized from phenanthrone
(XXXIV) by the scheme shown-in Figufé-lS; page 68. The
infrared (KEr) and n.m.r. (CDCl3) spectra and ﬁelting point
of syathetic L are identiéal to those of L obtained frem the

irradiation of phenanthrone (XXXIV) in aqueous acetic acid

igure 16, page 64). The infrared spectrum (K3r) and melt-

-~
"lj

ing voint of synthetic LI are identical to those of LI ob-
teined from the irradiation of phenanthrone in agueous acetic
acid (Pigure .17, page 656). Synthetic LI was obtained in
quantities insufficlent for an n.m.r. spvectrum.

Further support for the gross structures of L ard LI

comes from dehydration studies. Treatment of a mixture of L



Figure 15.. Infrared spectra

Tov - 2,4~-Dinitrophenylhydrazone derivative (LV)
from ozonolysis of LII (potassium bromide
vellet)

Bottom - 2,4-Dinitrophenylhydrazone derivative (LV)
from LIV (potassium tromide pellet)
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Bottom -

Infrared spectra

Xetol (L) frox irradiation of XXXIV
(potassium bromide pellet)

Ketol (L) from synthetic preparation
(potassium bromide pellet)
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Xetol (LI)
(potassiuwm

Ketol (LI)
(potassium

Infrared spectra

fron irradiztion of XXXIV
bromide pellet)

fror syanthetic preparation
bromide pellet)
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Figure 18. Scheme for synthesis of L and LI
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and LI =itk phosphorous oxychloride in pyridine prdduced 2

decrease in the intensity of The methyl groups of L and 1I

(n.m.r. analysis) and produced new peaks at 4.10 and 8.43T,
wnich are the identical absorption bands exhibited by the
vinyl and methyi hydrogens of authentic phenantarone (XXXIV),
Tne stereochemistry shown for L and LI is ten tatively
assigned oxn the basis of the n.m.r. spectra (Figurs 19, page
71). L ezhibits a methyl absorption band at 8.72'C'and be-

ed cocnformation due to the trasns ring junc-

H:

cause of its
ture, the angular methyl group experienoes little cr no cde-
shielding from the benzene ring. LI exhibits a methyl ab-

sorption bend at 8.55T . In one of the conformations of

£

cis~-ILI, the methyl group becomes almost coplanar with the

———

-

benzene ring and therefore experiences a deshieléing effect
due to tae ring current of the aromatic ring. The peaks at
7.52T and 8.iSTj in the spectra of L and LI respectively,
disappear orn shaking the samples with D20 with the simul-
taneous appearance of a peak at 5.37T caused by Z0D. Iz
should e noted that Wenkert (40) has tentatively assigned
the c¢cls stereocheristry to the low melting isomer Dbecause of
the lower likelihood of a butenone side chain Torming = trups
bridge {(Figure 18, page 68).

Trhe structures proposed for XLVIII a2,b, XLIX, L and LI
have, at this point, been proven. Questions as to their

origins, however, still remain. Treatment of XXXV with 75%



Figure 19. Nuclear megnetic resonance spectra

Top - Ketol (1) obtained fror irradiation of XXXIV
(deuteriochloroform solution)

Bottonm -~ Ketol (ILI) obtained from irradiztion ol XXXIV
'(deuteriochloroform solution)
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s =~ IRy -

aguecus acetlic aclid at room temperature in the absence of

light for tThe same period of time used for the irradiation of
XXXIV {126 hours) resulted in a crude nixture whose zn.m.r.
spectrum is shown in Figure 20, vaze 74. Tha spectruzm i

2lmost identical to that of the ketols XLVIII 2,b. The peak

W)
ct

¢ 9.92T is stopcock grease and the peak at 8.497T is
assigred to. the methyl group of XXXV. On shaking the saxple

.
3¢

J

b3

;ith

®

with DO, the broad singlet at 6.93T disappeared £
sizultanecus appearance of a singlet at 5.27T due to ECD.
The two characteristic spikes at 4.56 arnd 5.12T are assigned
to the exo-methylene vrotons of XLIX. The absence of absorp-
tions at 8.5 and 8.7 T shows that L and LI are rnot produced
via this pataway. Thus the acid catalyzed conversion of XXXV
to ALVIII a2,b and XLIX 1s almost gquantitative during this

& of time. A preliminary experiment in the acid cata-

o]
(]
ks
3=
o]

lyzed destruction of XXXV in dilute refluxing sulfuric acid
gave a crude precduct wnose infrared spectrum was alxzost super-
imposable upon that of XAXIV. This may be a case of kinetic
vs. thermodynamic product control similar to that published
©y Freezan (ﬁl). It is interesting to note that acid treat-
ment of XVI (21) and XIX, R=Ac (42) results in 1,5-bond cleav-
age while 1,10-bond cleavage is noted for LIX (43). Xropp

L) has recently studied the acid catalyzed rearrangements

of the dehydro analogues. Irradiation of XXXV in 75% acetic

acid for 126 hours, however, gives & completely different and



Figure 20.

=

op -

Kiddle -

3ottoz -

Nuclear magnetlc rescnance spectra

Ketols XVIII a,b (carbon tetrachloride
solution)

L2id catalyzed rearrangexzent of cyclophenan-:
arone (XAXV) (carbon tetrachloride solution)

5+
[S29

Irradiation of cyclophenanthrone (XXXV) in

e

agueous acetic acid (carbon tetrachloride
solution)
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HOAC o LV/KVJ'
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i
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|
| 7
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HOAc,90 5

H,O, H,S0, O

} |

more complex set of products as shown by the n.m.r. spectrum
(Figure 20, page 74). The upfield region of the spectrux is
considerably more complex than that showvn by the darg reac-
‘tion. Very noticeable is the complete lack of the hydroxyl
vend at 6.93T . Shaking the sample with D0 produced abso-

lutely no change in the spectrum, showing the lack of sig-

nificant amounts of alcohol including L arnd LI. Thus, L and
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LI are snown to be true photoproducts originating directly
from XXXIV,

These dzta leave two alfternatives for the vproduction of
XIVIII 2,b and LLIX during the irradiation of XXXIV, Sirce
they are not derived from the photochemical rearrangerents of
XXXV, they may be the products of the acid catalyzed re-
arraigement of XXXV or they may be true photoproducts origin-
ating directly from XXXIV. The former explanation is pre-
Terred becagse of the following reasoning. Although a high
vield of XXXV is produced from the irradiation of XXXIV in
t-butanol; its concentration in agureous acetic acid must be
szmall because of its acild catalyzed destruction. ZHence, the

mount ¢f light absorbed by XXXV in the presence of large
anounts of XXXIV should alsc be sméll and destruction of
ZXXV via this pathway negligible. OCne cannot, however,

igorously exclude the efficient vhotochemical destruction
of XXXV (and conseguently the production of XLVIII a,b and
XLIX from XXXIV via a pnotochemical vath) because of the
possibllity of energy transfer from XXXIV to XXXV,

The nost interesting segment in the study of phenanthrone
was carried out in an attempt to explain the stereospecificity
of the vhotochemical rearrangements of some 2-cyclohexenones

(see Historical). In 1961 Zimmerman (1, 2) provosed z de-
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talled mechanistic scheme in an attempt to explain the pnoto-
chemical rearrangements of cross-conjugated cyvclohexaiienones.

Since the appearance of his original corxrunication, he has

pudblished several otner papers in an attexzpt to relfire i

et

£

i

support his mechanistic theories (45, 46). Since trhe advent

(o}

f photochemlcal rearrangementcs of simple 2-cyclohexenones
(21, 22), Zicmerman has adapted his mechanistic schexe to

nclude these also (286, 27, 47). At the time the work o be

(O]

presented here was begun, Zimmerman had attempted to explain
(47) the stereospecific photochemical rearrangeﬁent of
'Aq-cholesten-3~one (XV) (21). ZEis mechanistic scheme is
showm in Figuré 21, vage 79. The open circles represent
electrons 1in a heavily 2S-weignted orbital., The "y"s repre-
sent electrons in the 2Py-ozygen orbital, which lies in a
vlane perpendicular to the 2Py -oxygen orbital used in forming
the Pi-bond to carbon. Thne solid circles represent the Pi-
electrons. TFour discrete steps are included in this scl.ene:
a) Promotion of a non-bonding (n) Py-electron to a
Pi-antibonding (#¥) orbital.
b) Homolytic fission of the 1,10-bond.
¢) Intramolecular odd-electron addition to the
5,10-double bond via rearward apvrcach.
&) Zlectron demotion (7 %—n) énd L4,10-bond formation.

The stereospecificlity of the reaction is attributed to a con-

formational preference of the side chain in species 1IXI, whica
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igure 21.

Mechanlistic scheme provosed by Zimmerman
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leads to preferred rearward attack at C-5. (This explanation
carries with it the ‘implication that in the absence of a pre-
ferred cohformation,lrotation about the 4,5-bond will be fast
conpared to the rate of odd electron addition to C-5)., All
of the systems whicn had been investigated up until this
time, contained the possibility for a similar conformational
preference of the specliles analogous to ILXI.

In order to disprove or support this proposed pathway,

a system was investlgated which would yield a specles anal-
ogous to ILXI, but which would provide the radical side chain
ro conformational preference. Such a system is ba-methyl-
L,4a,9,10-tetrahydro-2(3E)-phenanthrone (XXXIV, phenanthrone)
and the analogous mechanism is shown in Figure 22, page 82.
If a conformational preference of the side chain in IXIV is
necessary for stereospecificity, then racemic product (XXXV)
should'be obtained since ILXIV does rot afford that prefer-
ence.,

Irradiation of optically pure (see Zxperimental) phenan-
throne (XXXIV 4, [@7%7 = +332°) in t-butanol gave rise to
La-methyl-1l,4,%2,9,10,10a~hexahydro~4,10a~cyclo-3(2H)-phenan~
thréne% (XXXV 1, cyclophenanthrone) with [@]%7 = -40.2° and

irradiation of XXXIV 1 with [q]57 = -332° gave XXXV 4 with

#*This author wishes to acknowledge Dr. William Welstead's
complete structural proof for XXXV (see Figure 23, page 84 for
the degradative scheme) and his preliminary irradiations of
optically impure XXXIV.



Figure 22. Mechanistic scheme for phenanthrone (XXXIV)
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Pigure 23. Degradative scheme for XXXV
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Fy

2 . o ; . . .
[@7D7 = +40.9 . The phenanthrone recoversd frox each o

O ] - 4'3
ard -37¢

~

these reactions had specific rotztfions of +3

N
(O3]

respectively. Optically pure (see Experimental) cyc.c_.ienan-
throne has specific rotations of -42.3° ana +42,35° respec-
tively. Thus the conversion of XXXIV to XXXV proceeds with
a2 degree of stereospecificity in excess of 95%.' In view of
tnese results, two mechanistic pictures are vossibvle:

a) The scheme proposed by Zimmerman is essentially cor-
rect and species LXIV does exist (although not neces-
sarily as a diradical), but in this case, the stereo-
specificity of the rearrangement cannot e attributed
to a conformational preference of the side chain
(this possiblility is not excluded 1in those cases where
a preferred conformation does exist however). Rather,
1,5-bond Formation must be much faster than attain-
ment of a planar state (in which the molecule becomes
symmetrical) and also faster than rotational egui-
libration about fhe L,5-bond which would make front-
ward and rearward attack ap C-5 equally probable.

b) A concerted mechanism is applicable and the species
IXIV does not exist.

Tnis author prefers a concerted mechanism since if 1,5-bond
formation must necessarily be much faster than attainment of
a planar state and rotation about the 4,5-bond, the rate of

the reaction is such that 1t already approaches concertedness
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(this assumes that attainment of a planar state‘or rotation
about the M,S-bond is not sterically or electronically hin-
dered so that either of these becomes very slow or impos-
sible).

After this work had been in progress for & considerable
length of time, Zimmerman published a refined mechanism (27)
involving 4,4-dialkyl-2-cyclohexenone (IXVII). This mechan-

istic picture included a species (LXVIII) analogous to LXIV,

co o0 | [e N}

00

LXX

e states, nowever, that although the radical species at C-5
is pictured as completely released, the possibility of an
intervening species (LXIX), in which C-5 is not completely
released from the remaining Pl-system before bondinz to C-3
occurs, definitely exists. This 1s in fact, admitting the
possibility of & concerted bond migration. Since authenti-
dated alkyl migrations of radical species are virtually un-
krown (48), this author prefers the mechanism showa in Figure
24, page 88. In this scheme, the open and solid circles and
“y"s have the same designation as that used by Ziwmerman. The

#* 1s used to represent the electron in the Pi-antibonding



Figure 24, Proposed mechanistic scheme for phenanthrone
(XXXIV)
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This scheme includes the'following five steps:
Promotlon of an electron froz the Py-oxygen non-
bonding orbital (n) to a Pi-antibonding orbital
(#7r*)., This electron is delocalized over the entire
Pi-system, which is pict riaily demonstrateé by tne
dotted line. A similar pictorial representation has
recently been used by Szaltiel (45).

Intersystem crossing from the first excited sirglet
state (LXXI) to the lowest lying triplet state
(IXXII) of the moleculs. The O@ and O@ are used
to denote the relative electrornic charge in the
Pi-bonding orbital system only.

Concerted 1,10-bond brezkage and 1,5-bond formation.
Electron demotion of ar electron from the Pi-anti-
bornding system to the Py—oxygen orvital.

L ;10-Bond formation via a zwittericnic interxzediate.

The triplet LXXII is included in this scheme because

Zimmerman has shown by acetophenone sensitization that the

triplet

state of XXXIV is responsible for the production of

XXXV (26). In an attempt to support this, XXXIV was irra-

diated in the presence of benzophenone, also a known triplet

sensitizer (50, 51). This resulted in a complex mixture of

unidentified products including recuctlion products. EHowever,

the reaction proved to be sensitized nicely by dibenzothio-

phené with no side products being formed. This may have been
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due to true triplet sensitization, but because of the known
fluorescence (52) and unknown intersystem crossing efficiency
of dibenzothiophene (53), singlet sensitization cannot be
rigorously excluded. Irradiation of XXXIV in the presence of
piperylene (l,3—pentadiene), a known triplet quencher (54),
resulted in the complete absence of XXXV in the reaction
products and in the production of photcaddition products be~-
tween XXXJIV and piperylene. These products could arise by
the addition of triplet piperylene to ground state XXXIV or/
and by the addition of ground state piperylene to excited
singlet LXXI. These two possibilitlies were arrived at by the
followlng reasoning. Addition of triplet a,B8-unsaturated
ketone (2-cyclopentenone) to ground state olefin (cyclopen-
tene) has been showﬁ to occur (57). In general, a;B—unsatu-
rated ketones are belleved to have triplet state energlies near
70 kcal./mole. For example 4,4-diphenyl-2-cylohexenone
(XXXVII) has a triplet state energy of 68.5 kcal./mole (27).
Ethylene, on the other hand, has a triplet state energy of
about 82 kcal./mole (49). Hence, triplet energy transfer
from 2-cyclopentencne to cyclopentene 1s probably endothermic
and hence inefficient., However, when 2-cyclopentenone or
2-cyclohexenone is irradiated in the presence of cyclopehta-
diene, triplet energy transfer from ketone to olefin is very
efficient (49), since the transfer is now probably exothermic.

If it is assumed that XXXIV has a triplet energy near
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70 kcal./mole, transfer of this energy to piperylene will be
exothermic (triplet energy of piperylene is 58.8 and 56.9

keal./mole for trans and cis respectively) (55) and hence

probably &iffusion controlled (56). However, it has not been
shown that tripletv diene cannot add to ground state ketone
and this cannot be excluded as a possibility. Hence, cyclo-
addition products can arise indirectly from IXXII. Singlet
energy transfer from IXXI to piperylene should be inefficient
because of the relative singlet-singlet absorptions of XXXIV
(313mi) and piperylene (224mp) (58). The addition products
can therefore also arise by addition of IXXI to ground state
piperylene. One other possibility for the formation of the
addition products is the absorption and réaotion of a cbmplex
between XXXIV and piperylene.

The excited state is shown as being a hybrid of struc-
tures LXXII and ILXXIII, Brand (59) found that n—» =% excita-
tvion of acrolein increases the C-0 bond length and causes a
considerable redistribution of the Pi-electrons. He has also
shown that a greater bond order 1s associated with the central
rather than with the terminal C-C bond. This is reasonable,
since on vromotion of an electron from a'non-bonding orbital
which 1s highly localized on oxygen to a Pi-antibonding 6rbi—
tal which extends over the entire Pi-system, the oxygen be-
comes electron deficient. It 1s only reasonable then, that

the electrons in the Pi-bonding orbital system are polarized
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toward oxygen to alleviate this deficiency. Eence, in thne
Pi-bonding orbital system, the S-carbon maintains a partial
positive charge. Also it is reasonable to assume that it is
the Pi-bonding orbital system which will be important in
bending. Th“t the B-carbon shows carbonium ilon-character is
suggested by the addition of water to the double bond of
XXXIV during irradiation in acetic acid-wgtgr. Solvent
addition during photochemical reactions has been shown to
occur in the case of 4,4-dimethyl-2-cyclohexenone (see His-
torical) and 2-cyclooctenone (60). Zimmerman and others (2,
61) have argued that in the n— 7% excited state of a ketone,
the oxygen becomes eiectron poor and the carbon skeleton
electron rich relative to the ground state. Thus LCAO-MO

calculations show (49) the ground and excited state electron

distribution to be:

-0.56 O +0.27
-0.07 -0.09
+0.38 -0.11
+0.36 -0.07
Ground state n— ¥ Zxcited state

It is therefore argued that a zwitterionic species in which
the oxygen is depicted as having a negative and the carbon a
positive charge (62, 63) is not a descriptive picture of the
excited state. Studies of formaldehyde however, have shown
that although the dipole of the n— ¥ excited state is

smallexr than that of the ground state, the polarization
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remains in the same direction, that is, oxygen negative and
carbon positive (64).

1,10-Bond breakage with simultaneous 1l,5-bond formation
gives rise to a specles LXLIV, in which a formai positive
charge 1s now localized on C-10, while the negative charge is
shown to be delocallzed over the remaining Pl-system. Elec-

ron demotion (~wr¥-» n) gives LXXV, a ground state zwitter-
ionio_;pecies~for which ground state resonance structures nmay
be written. It should be pointed out here that irradiation

of XXXIV in t-butanol gave a small amount (ca. 1.5%) of XLIX.
However, XLIX 1s also produced by irradiating XXXV in t-
butanol, but this, of course, does not exclude a direct photo=-
chemical path from XXXIV. In any case, XLIX probably arises
from a state similar to LXXIV or IXXV via proton loss; a simi-
lar product is producéd'in the irradiation of §,4-dimethyl=-
2-cyclohexeuone (see Historical). Also, the irradiation of
XXXV in t-butanol produced no detectable amounts of XXXIV,

in opposition to the results reported by Jeger (see Histori-
cal).

In the mechanistic schexe just described proton donation
was not included since the reaction occurs as readily in ben-
zene (see Historical). 1In any case, if proton dcnation does
in fact occur, it is not clear at what stage this should be
invoked.

In conclusion, it is interesting to compare the photo-



Sk

chemistry of the cross-conjugated cyclohexadlienones (for'a

review see (65)) with the results which have been given here.

The photochemical reactions of cross-conjugated cyclohexa-

dienones in general exhibit four characteristics:

1)
2)

3)

&)

The reactions are stereospecific.

The reactlions are solvent sensitive and the incor-
poration of solvent (usually water) is common.,
Alkyl migrations reminiscent of carbonium 1oh
rearrangements are common.

The reactlions occur with high quantuz efficicacy

( & ~ 1.0).

The photochemical reactions of simple a,S8-unsaturated ketones,

on the other hand, exhibit the following characteristics:

1)
2)

3)
k)

The reactions are stereospecific (XXIV — XXXV).
The reactlions are solvent sensitive and products

resulting from incorporation of solvent are found
(L and LI).

Alkyl migrations are cbmmon (XXXIV — XXXV).

The reactions occur with low quantum efficlency

(d ~ 1072-1073) (26).%

Seenlngly, the only difference between the photochemical reac-

tions of these classes of compounds rests in their relative

*T. A, RBettig, Department of Chemistry, Iowa State Uni-
versity, Ames, Jowa. Research on 2-cyclohexenones, Private
communication. 1965,
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quantum efficiencies. It is interesting to speculate that
this relatively low efflciency shown by simple 2-cyclohex-
enones 1s due to two {factors, low efficiency of intersystenm
crossing and low efliciency in triplet to product'conversion.
The former could 5e supported by the ability to trap the
singlet IXXI as well as the singlet excited state of 4,4-
diméthyl-z-cyclohexenone,* and the inability to trap that of
spiro-(&4,5)-deca~1l,4-diene-3-one (ILXXVI).** The latter is

IXXVI
supported oy the guenching of the triplet IXXII and by the
inability to guench the triplet of 4,4-diphenycyclohexadienone

with napnthalene (45).

*T, A, Rettig, Department of Chemistry, Iowa State Uni-
versity, smes, Iowa, Research on 2-cyclohexenones. Private
communication., 1965.

#%3, Dominianni, Department of Chemistry, Iowa State Uni-
versity, Ames, Iowa. Research on cross-conjugated cyclohexa-
. dienones. Private communication., 1965.
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EXPERIMENTAL
Instruments and Methods

All melting polnts are uncorrected and were mexsuxed on
a Kofler microscope not stage egulpped with a polariizerx.

The ultraviolet spectra were obtained in 95% ethanol
solution unless otherwise noted. The spectra were recorded
on a Beckman Model DK-2A spectrophotometer mace available by
a grant (NSF-G1l4916) from the Natioral Science Four@ation.

All infrared spectra were recorded on & Perkim—iZlmer
Hocdel 21 spectrometer.

The nuclear magnetic resonance spectra were meastsured on
a Varian Associates Model HR-60 or A-60 spectrometer operat-
ing at 60 Fc. Spectra obtained with the HR-50 specitrometer
were calibrated by the side band technique using tetramethyl-
silane as lnternal standard. Chemical shifts are reported as
T-values (66).

All optical rotations weré measured at the sodium D line
on an C. C. RHudolph & Sons Model 399 polarimeter. All samples
were welghed directly into 5 ml. volumetric flasks and diluted
with 3 ml. of 95% ethanol delivered by means of a vo-lumetric
pipet. Two mls, of solution were then introduced in.to a
jacketed 1 dm. polarimeter tube of 2 ml. capacity. .41l final
rotations were measured at 27O at a concentration of'lvg. of

sample ver 100 ml. of solvent. All final rotations ‘were
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determined at 1/10 dilution to determine the validity of
reported specific rotations.

Elemental analyses were performed by Schwarzkopf Micro-
analytical Ilaboratory, Woodside, New York or Spang lMicro-
analytical ILaboratory, Ann Arbor, Michigan;

Resolution of Racemic 4a-Methyl-4,4a,9,10-tetrahydro-
2(3H)-phenanthrone and Eacemic Ya-Methyl-

1,4,%2,9,10,10a-hexahydro-4,10a-
cyclo-3(24)-phenanthrone

Dreparation of 2-tetralone

2-Tetralone was prepared by the procedure of Barltrop
and Saxton (67) and purified through the bisulfite addition

compvound (68).

Prevaration of l-methyl-2-tetralone

l-Methyl-2-tetralone was prepared by the procedure of

Stork et al. (69).

Preparation of L4a-methvl-4,45,9,10-
tetranydro-2{(3d)-phenanthrone (XXXIV)

Phenanthrone (XXXIV) was prepared by the method of
Eowell and Taylor (70). Recrystallization from Skelly B
with raplid magnetic stirring gave XXXIV as fine crystals,;

+-BuOk | % i
m.p. 89-90° and )\];’IaféuOﬁ 313mu (50), Kgg;c BPOE > 35my

(17,100) (reported (70) 90°; (71) 90-91°, NZEOE o5¢n,
(17,000); (40) 89-90°, Apsyx 239mu (18,000)). The infrared

spectrum (Figure 4, page 27) exhibits absorption at 3.30,
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3.38, 3.43, 6.03, 6.61, 6.68, 6.90, 7.07, 7.28, 7.35, 7.44,
7.57, 7.62, 7.80, 7.92, 8.08, 8.37, 8.57, 9.23, 9.37, 9.59,
9.83, 10.12, 10.48, 10.68, 10.87, 11.5%, 11.95, 12.65, 12.97,
13.18, 13.32, 13.67 and 14.32 u.

Prevaration of Lda-methvi-%4.42,9,10-tetrahvirc—
2 (3E)-phenanthrone pyrrolidine enamine ({L)

r

An anhydrous methanol solution of phenantnrone {XXXIV,
3.0 g. in 12 ml.) was heated under nitrogcn just to thne boil-
ing point. Pyrrolidine (1.3 g.) was added all at once, and a
precipitate began to form lmmediately. After ccolirg, the
product was filtered off and washed with cold methanol., The
zmelting point (107-109°) was unchanged after recrystalliza-
tion from hexane. The yield of recrystallized procduct was
3 g. (80%). The infrared spectrum (¥XBr, 6.09, 6.21p) and the
ultraviolet spectrum ( \2Ds. EtOH_ZSMu (22,200)) are consis-

max
tent with XL (28).%

H, 8.65.

Prevaration of the d-camphor-l10-sulfonic
aclc salt of La-methvl-4,42,9,10-tetrahvdro-
2{3Z)-vhenantnrone vyrrolidine enamine (XLI)

To a magnetically stirred, hot acetone solution of the

pnenanthrone enamine (XL, 11.7 g. in 70 rl.) was added a

#The author is indebted to Dr. William Welstead for
obtaining the physical constants and analysls for the enamine,.
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hot acetone solutlon of d-campnor-l0-sulfonic acid Q@]%7 =
+40°, ¢ 2.5, 95% ethanol; 10.5 g. in 35 zl.). On cooling

in ice, the stirred solution soon depositecd a yellow solid
(LI, 18.5 g., crop I) which was filtered and washed with
cold acetone. ZEther (150 ml.) was added to the filtrate,

and continued stirring and cooling of this solution gave more
of the yellow solid (1.0 g., crop II).

Zesolution of the d-camnhor-l0-sulfonic acid

sa2lt of La-methvli-4.42,9,10-tetrahviro-2(3=)~
phenanthrone pvrrolidine enamine (XLI

A systematic recrystallization of XLI was carried out
in ethyl acetate-methanol solvent., Deposition of crystals
was effected by iée cooling of the magnetically stirred solu-
tions. All rotations were obtained using approximately 0.03
g. of salt in 3 ml. of 95% ethanol except in the cases of the
final maximum rovatlions when exactly 0.030 g. was used in 3
ml. of 95% ethancl. The recrystallization scheme is shown in
Table 1, page 19.

The salt labeled N-1 1n Table 1 proved to be XLI 1, m.D.
163-167°. The ultraviolet spectrum showed AEQE £t0h 269mpu
(23,000). For the infrared spectrum see Figure 2, page 22,

and for the n.m.r. spectrum see Figure 3, page 24.

inal. Calced. for CpgH3gOuNS: C, 69.99; H, 7.90; N, 2.82;

S, 6.43. Found: C, 69.66; E, 7.62; N, 2.98; S, 6.61.

The salt labeled 0-1 in Table 1 proved to be XLI d, m.Dp.
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167-184°, The ultraviolet spectrum showed Kgg? =t0d 269mu
(23,400). The infrared spectrum is shown in Figure 2, page
22, and the n.m.r. spectrum is shown in Figure 3, page 2&.
Anal, Caled. for 029H390&NS: C, 69.99; E, 7.90; N, 2.82;
S, 6,43, Found: C, 70.06; H, 8.13; N, 2.59; S, 6.75.
Hydrolysis of the d-camphor-l0-sulfonic acid

salts of La-methvl-4.4a2.9,10-tetrahvdro-2(35)-
phenanthrone pvrrolidine enamine (XIL1)

The levorotatory salt XLI 1 (4.2 g.; [@]%7 = —1310,
¢ 1.0, 95% ethanol) was dissolved in water (200 ml.), and a
dilute solution of agueous potassium hydroxide (0.5 g. iu 100
ml.) was added with stirring. A& precipitate formed imme-
diately, and the suspension was allowed tc stir at roorm temp-
erature for five minutes. The mixture was then made acidic
to liftmus with dilute hydrochloric acid and extracted five
times witnh ether. The combined ether extracts were then
wasned twice with dilute hydrochloric aciéd, dilute sodium
bicarbonate and saturated sodium chloride solutions. The
ether was dried over magnesium sulfate, filtered and removed
under reduced pressure, giving rise to a slightly yellow
solid (1.7 g.). The solid was dissolved in pentane and
freated twice with charcoal. Complete removal of solvent gave
phenantirone XXXIV 1 (1.5 g.; m.p. 64.5-67.5%; [)%7 = -325°,
c 1.0, 95% ethanol). ZRecrystallization of this material.from

pentane gave XXXIV 1 which had a ﬁelting point of 68.0-69.0°
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and showed [§7%7 = -332O (c 1.0, 95% ethanocl). The infrared
spectrum is shown in Figure 4, page 27, and shows absorptions
at 3.31, 3.41, 6.05, 6.13, 6.71, 6.91, 6.98, 7.07, 7.25,
7.35, 7.45, 7.55, 7.80, 7.92, 8.08, 8.38, 8.50, 8.63, 8.3k,
9.09, 9.22, 9.38, 9.60, 9.75? 9,84, 10.51, 10.64, 10.85,
11.40, 11.59, 11.91, 12.67, 13.14, 13.57 and 14.43 u.

The same nydrolysis procedure was used for the dextro-
rotatory salt XII & (4.3 g.; [@]%? = +168,, ¢ 1.0, 95% ethanol)
and gave crude phenanthrone XXXIV 4 (1.8 g.; m.p. 6L~69°;
[@]%7 = +325i ¢c 1.0, 95% ethanol). ZRecrystallization of
this material from pentane gave XXXIV & with a melting point
of 68-69° and [@]%7 = +33£>(c 1.0, 95% ethanol). The infra-
red spectrum is shown in Figure 4, page 27, ané 1s super-
-imposéble upon that of XXXIV 1.

Tormation of racexzic La-methyl-4,42,9,10-
tetrahvdro-2(3E)~phenanthrone (XAXIV d4.,1)

by cembination of egual smounts cf optically
active forms (XXXIV 4 and XXKIV 1)

Phenanthrone ((XXIV 4; 15.71 mg.; [@7%7 = +332°) and
(XXXIV 15 15.71 mg.; [@]%7 = -332°)) was weighed out onto the
same glassine paper and then brushed into an agate mortar
and completely dissolved in ether, After evaporation of thne
ether, the residue was crushed with an agate pestile. This
treatzment gave racemic phenanthrone with a melting point of
87-89°. 1Its infrared épectrum (KBr) was exactly superimpos-

able upon that of genuinely racemic phenanthrone (m.p. 89-90°)
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obtained by synthesis.

Svnthesis of the nyrrolidine enamine of
Lag~methyl-1,4,42,9.10,10za-hexahydro~4,10a~
cvelo-3(2X)-ohenasthrone and its subseguent
reaction with d-camphor-10-sulfonic acid

Cyclophenanthrone (XXXV, 1.22 g.), pyrrolidine (1.3 ml.),
d~camphor-10-sulfonic acid (catalytic amount) and toluene
(150 ml.) were refluxed under nitrogen for 29 hours, a Dean-
Stark water trap being used for water removal., During this
time, an additional 2 mls. of pyrrolidine were added in 0.5
ml. increments. Removal of the solvent uhder reduced pres-
sure gave rise to a dark brown oil., The infrared spectrum
(capillary film) of the oil showed a strong 6.18u absorption,
consistent (28) with the double bond stretching mode of the
desired enanine.

The oil was taken up in acetone and d-camphor-lO0-sulfonic
acid (1.34 g.) was added. Cooling of this mixture afforded
no crystalline products. Addition of the ether to the ace-
tone solution deposited a brown, guﬁmy solid which was washed
with ether and dried under vacuum. The infrared spectrum |
(CHC13) snowed the. 5.77u carbonyl absorption of a camphoric
ketone (36) and the 6.00u absorption of a carbon-nitrogen
double bond characteristic of iminium salts (32). However,
attempted recrystallization from ethyl acetate, methanol,
ethanol, acetonitrile, acetone and chloroform gave no crystal-

line products.
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Prevaration of the d-camphor-10-
sulfonic acid salt of opvrrolidine

A solution of Q—éamphor-lo-sulfonic acid in ether-
methanol was added to a cooled, stirred solution of pyrroli-
dine in ethexr. Filtration of the resulting solid and ré-
crystallization from ethyl acetate gave pyrrolidine d-camphor-
10-sulfonate (m.p. 120-122°). The infrared spectrum (KBr)
showed the expected (36) absorption barnds at 2.93, 3.41, 5.75,
8§.25 and 9.60 u.

Attempted svnthesis of the d-~camphor-10-
sulfonic acid salt of the pyrrolidine enamine
of La-methyl-l, 4. 42.9.10,10a-hexanydro-4,10a-

cveclo-3(23)-vhenanthrone (XLI1V) using
pyrrolidine d-camphor-l0-sulfonate

Cyclovhenanthrone (XXXV, 1.0 g.), pyrrolidine d-camphor-
10-sulfonate (1.43 g.) and toluene (100 ml.) were refluxed
for 16 hours using a Dean-Stark water trap to remove any
water which formed in the reaction flask. Removal of the
toluene under reduced pressure gave a tan solid (2.18 g.).
The infrared spectrum (KBr) showed absorptions at 2.93 and
5.89x which is consistent (36) with a simple mixture of the
two starting materials and is inconsistent with the desired

salt XLIV,
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Oreparation of the verchloric acid salt

cf Lg~methvl-l.4.4a,9.10,20a~-hexahyvdro-

L ,10a-cyvelo-3(2E)-phenanthrone pyrrolidine
enamine {(XLV)

The procedure used was that established by Leonard and
Paukstelis (32). Cyclophenanthrone (XXXV, 7.7 g.) was dis-
solved in hot absolute ethanol (45 m1.). To this solution
(which was allowed to cool tc about 300) was added pyrroli-
dine perchlorate (6.4 g.) and two drops of pyrrolidine.

After allowing this solution to stand at room temperature for
3 hours, the crystals of XLV (12.5 Z.5 G.p. 177-181°) were
filtered off and washed with ethanol. The infrared spectrum
(KBf) showed the desired (32) 5.98u absorption of the carbon-
nitrogen double bond and the broad 9.1l5u absorptioh of per-
chlorate. _

Anal. Caled. for CygHpuOxNCl: C, 62.37; H, 6.61; N, 3.83;
Cl, 9.69. Found: C, 62.39; H, 6.75; N, 3.69; Cl, 9.64.

Trevaration of the votassium salt of
d-camphor-l0-sulfonic acid

The oprocedure used was that published by Pope and Gibson
(72). To a solution of d-camphor-l0-sulfonic acid (73.5 g.)
in ethanol-water (1:1, 100 ml.) was added aqueous potassium
hydroxide until the solution was basic to litmus. The solu-
tlon was madé acidic to litmus with a small amount of the
acid. ZHemoval of the solvent under reduced pressure deposited
a solid which was recrystalliied from ethanol yielding white
reedles (72 g., m.p. > 310°).
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Preparation of the d-camphor-l0-sulfonic
acid salt of 4a-methvl-1,4.42,9,10.10a-
hexahvéro-4,l10a-cvclo-3{2E)-phenanthrone -
pyrrolidine eramire (XLIV)

)

The perchloric acid salt of cyclophenanthrone pyrroli-
dine enamine (XLV, 12.5 g.) was introduced into an Erlenmeyer
flask containing absolute methanol (75 ml.) and the potassium
salt of d-camphor-l0-sulfonic acid (8.9 g.). The flask was
then stoppered, and its contents were magnetically stirred
for 13 hours at room temperaturé. The potassium perchlorate
produced by exchange was then filtered off, and the methanol
was removed under reduced pressure. Addition of acetone (10
ml,) to the clear-colorless residue precipitated more potas-
siur perchlorate, which was filtered off. Removal of the
acetone under reduced pressuie and the addition of ethyl ace-
tate (3 ml.) to the residue with subsequent cooling and
scratching of the solution, produced wnite crystéls of XLIV,
Zesolution of thé d-camphor-l0-sulfonic aéid salt

of La-methvl-1,4,42,9,10,10a-hexahydro-4,10a-
cyclo-3(2H)-phenanthrone pyrrolidine enamine (XLIV)

A systematlic recrystallizatlion of XLIV was carried out
in ethyl acetate-methénol solvent. Deposition of crystals
was effected by ice cooling of the magnetically stirred solu-
tions., All rotations were obtained using approximately 0.03
g. of salt in 3 ml. of 95% ethanol except in the cases of the
final maximum rotations when exactly 0.030 g. was used in 3

ml, of 95% ethanol. The récrystallization scheme 1is shown in
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Table 2, page 32.

The salt in Table 2 labeled K-2, proved to be XLIV 4,

\95% EtOH

m.p. 128-131°. The ultraviolet spectrum showed ApZ%

268mu (9,000), 232mu (8,160) calculated for the monohydrate
(see analysis). The infrared spectrum is shown in Figure 6,
page 36, and the n.m.r., spectrum is shown in Figure 7, page
38.

Anal. Calcd. for CpgH39O4NS-H,C: C, 67.55; H, 8.02; N, 2.72.
Found: C, 67.64; H, 7.94; N, 2.81.

The salt in Table 2 labeled L-1 proved to be XLIV 1,

95% EtOH
max

268mu (9,500), 232mu (7,800) calculated for the monohydrate

m.p. 117-122°. The ultraviolet spectrum showed A

(see analysis). The infrared spectrum is shown in Figure 6,
pzge 36, and the n.m.r. spectrum is shown in Figure 7, page
38. |

anal. Caled. for Cp9H39O4NS-Hx0: C, 67.55; H, 8.02; N, 2.72.
Found: C, 67.54; H, 7.95; N, 2.71.

HEydrolysis of the d-camphor-l0-sulfonic
acid salts of La-methyl-1,4,42,9,10,10a-
hexahvdro-L,10a~cyclo-3(2E)-phenanthrone
pyrrolidine enamine (XLIV)

The same procedure was used for the cyclophenanthrone
salts as was ﬁsed for the phenanthrone salts. Hydrolysis of
XLIV ¢4 ([@]%7 = +38.8°, gave dextrorotatory cyclophenanthrone
as a white solid with a meltiﬁg point of 100-110° and [Q]%7 =
+39.6° (¢ 1.0, 95% ethanol). Becrystallizatioﬁ from Skelly B
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gave cyclophenanthrone (XXXV d) With.a melting point of 110~
111° and [@7%7 = +1+2.5o (c 1.0, 95% ethanol). The infrared
spectrum is shown in Figure 8, page 40, and shcws absorptions
at 3.44, 3.51, 5.86, 6.70, 6.79, 6.87, 6.9?, 7.07, 7.20,
7.66, 7.84, 8.00, 8.12, 8.25, 8.41, 8.48, 8.72, 8.97, 9.43,
9.65, 9.8%, 10.07, 10.45, 10.52, 11.07, 11.82, 12.15, 12.37,
12.82, 13.04 and 13.60 u. '

Hydrolysis of XLIV 1 ([@]%7 = 0.00°) gave levorotatory
cyclophenanthrone as a white solid with é melting point of
98-109° and [@]37 = -38.0° (¢ 1.0, 95% ethanol). Recrystal-
lization from Skelly B gave cyclophenanthrone (XXXV 1l) with
a melting point of 109.5-111.5° and [a]3’ = -42.3° (c 1.0,
95% ethanol). The infrared spectrum is shown in Figure 8,
page 40, and is superimposable upon that of XXXV 4.
Formation cf racemic lYa-methvl-l.4,42,9,10,10a-

hexahydro~-4,10a-cyvclo-3(2H)-phenanthrone
(¥XXXV d,1) by combination of egual amounts

of optically active forms (XXXV § ard XXXV 1)

Cyclophenanthrone ((XXXV 4, 8.50 mg.; [@]%7 = +42.5°)
and (XXXV 1, 8.50 xg.; [@]%7 = -42.3°%)) was weighed out onto
the same glassine paper and then brushed into an agate mortar
and completely dissolved in ether. After evaporation of the
ether, the residue was crushed with an agate pestle. This
treatrent gave racemic cyclophenanthrone with a melting point
of 85-87°. 1Its infrared spectrum (KBr) was exactly super-

imposable upon that of genulnely racemic cyclophenanthrone
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(m.p. 86-87°) obtained from racemic phenanthrone (XXXIV ¢&,l1).

Photochemistry of da-lFethyl-4,4%2,9,10-tetrahydro-
2(3H)-phenanthrone

n of Y4 -methvl-4.42,9.10-tetrahydro~
anthrone (AXXIV) in glacial acetic acid

[\
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Phenanthrone (XXXIV, 2.37 g.) was dissolved in glacial
acetic acid (500 ml.) which was contained in a Pyrex irra-
diation vessel. The solution was purged with nitrogen for'QS
minutes and irradiated with a2 550 watt Hanovia high pressure
rercury arc lamp. After 42 hours the irradiation was termin-
ated, and the acetic acid was removed under reduced pressure
at 60° leaving a brown oil. The residue was taken up in a
small volume of benzene and chromatogravhed on a silica gel
(Baker Analyzed Reagent) column (12 x 4 cm.), 25 ml. frac-

tions being collected. The following solvents were used for

elution:
Eluent Volume used {(ml.)
1% etner in Skelly B 200
2% ether in Skelly B 200
3% eth€T in Skelly B 200
4% etner in Skelly B 200
5% ether in Skelly B 200
10% ether in Skelly B 200
15% ether in Skelly B 200
25% ether in Skelly B - 700
35% ether in Skelly B 500
50% ether in Skelly B 700
75% ether in Skelly B 300
100% ether in Skelly B 400
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Combination of fractions 34-46 gave an oil (XL?I) which
amounted to 20-30 mg. The infrared spectrum is shown in
Figure 9, page 44, and the n.m.r. spectruxm is shown in Figure
10, page 46. The oil was dissolved in methancl (5 nl.) and
treated with benzaldehydeA(8 drops) and potassium hydrcxide
(50 zg.) at steam bath temperature for 0.5 hours. The mixture
was then cooled, acidified with hydrochloric acid and ex-
tracted witn ether. The ethexr layer was then extracted with
sodium bisulfite solution to remove exéess benzaldenyde and
sodium bicarbonate solution to remove benzoic acid. The
etner was then dried over magnesium sulfate and removed under
reduced pressure giving rise to a white solid (XILVII), m.D.
119-123% A28% BEOH 300 smy (16,000), 231me(s) (5,500). The

infrared spectrum is shown in Figure 9, page 4bk. Insufficient

rzaterial was obtained for further characterization. An attempt

.
v

o
H

epeat the photochemical reaction using an irradiation time
of 120 hours failed to produce significant amounts of this-
corpourd.

Irradiation of 4z-methvl-4.42,9.10-tetranvdro-
2(%Z)-vheranthrone (XXXIV) in acueous acetic acid

Phenanthrone (XXXIV, 5.0vg.) was dissolved in 75% agueous
acid (300 rl.) and purged with nitrOgen for 0.5 hours. The
solution was irradiated in a Pyrex vessel using a 550 watt
Hanovia high pressure mercury arc lamp. The progress of the

irradiation was followed by observing the decay of the 235mp
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atsorption of the phenanthrone., After 126 hours, the absorb-
ance had fallen from 0.855 to 0.350, while that of a sample
ZXept in the dark for the same period of time in the same sol-
vent rema;ned at 0.877.

The irradiatiorn was terminated at the end of 126 hours,
and the reaction mixture was poured into water (1.5 1l.) azd
extracted several times with chloroform., The combined chloro-
forn weshings were then washed with sodium bicarbonate solu-
tion and dfied over magnesium sulfate. ZRemoval of the sol-
vent under reduced pressure gave a brown oil. 4An n.m.r. spec-
trin of this oill in benzene showed singlets at 4.15 (presun-
2bly the olefinic proton of XXXIV), 8.84, 8.72, 8.78, 8.85
(very strong; presumably the angular methyl group of XXXIV)
end 8.96'3. The spectrum also showed a broad absorption
vand at 6.65 T which disappeéred on shaking the sample with

0. The crude reaction mixture from a sepazrate irradiation
2

ts

of XXXIV in the same solvent was dissolved in carbon tetra-
chloride and its n.m.r. spectrum recorded. It showed singlets
at 4.254 (olefinic proton of XXXIV), 8.47 (angular methyl group
of XXXIV), 8.60, 8.65 and 8.79T . This spectrum also showed
a broad absorption at 6.38T which disappeared on snaking the
sazmple with D,0.

The n.m.r, spectrum of XLVIII a,b in benzene showed sing-
let zmethyl absorptions at 8.65 and 8.72T, while that of L

and LI show singlet methyl absorptions at 8.80 and 8.837T.
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The n.m.r. spectrum of XLVIII a,b in carbon tetrachloride
showed singlet methyl absorptions at 8.62 and 8.67°T .

The crude reaction mixture was taken up in a2 sma2ll volume
of benzene and chromatograpned on an alumina (Woelm, neutral
grade III) column (23 x 4.5 cm.), 50 ml. fractions being col-

lected. The separation proceeded as follows:

zluent Volume used
2% ether in Skelly B 500 ni.
1% ether in Skelly B 500 ml.
10% ether in Skelly 3B 500 ml.
12% ether in Skelly B 500 ml.
15% ether in Skelly B 1000 ml.
20% ether in Skelly 3 500 m1.
35% ether in Skelly B 1000 ml.
50% ether in Skelly B 1000 ml.
70% ether in Skelly B 500 =l.
80% ether in Skelly 3B 500 zl.
100% ether in Skelly B -
Fraction number Welght in grams Product comvosition
35-42 0.255 .150 z. XLIX +
unidentified ketone
L3-4bL 0.070 XXXV
108-119 0.985 XIVIII 2,b
123-127 0.130 L and LI

The infrared spectrun (capillary film) of fractions
35-42 showed strong absorption at 5.75u (5-membered ring
'ketone) and 5.85u (6-~membered ring ketone or acyclic aliphatic
ketone). Weak bands at 3.30u and 11.25u can be assigned to a
terxzinal methylene group. No other characteristic bands were
observable. The n.m.r. spectrum of fractions 335-42 (CCly)

showed a strong singlet at 8.677T which is assigned to the
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ketone giving rise to tne 5.85: band in the infrared srectrum.
Also observable in the n.m.r. spectrum are two singlets, 4.60
and 5.15T , which are assigned to the exo-methylene protons
of XLIX.

Thin layer analysis of fractions 43-44 showed XXXV %o
be present, but no other confirmation offéhis was obtained.

Fractions 108-119 contained XLVIII a,b. The infrared
spectrun is shown in Figure 9, page L4, The n.m.r. spectrunm
(CCly) is shown in Figure 20, page 74. Addition of dimethyl-
sulfoxide to the n.m.r. solution caused the 6.9OTfsinglet to
disappear and & new singlet to appear at 5.13T, indicating
a tertiary alcchol (37).

Combined fractions 123-127 prcved to be solid at room
temperature. The n.m.r. spectrunm (CDCl3) of the crude mate-
rial showed singlet absorptions at 8.58 and 8.71 T in the
ratio of approximately 1:2. These absorptions correspond to
LI and L, respectively.AkAddition of dimethylsulfocxice to the
n.nm.r. solution caused singlets to appear at 5.18, 5.40 ard
5.74T , the center band being about twice as intense as the
others. It 1s doubtful that the sample contained only L and
LI and the appearance of more than two singlets is probably
due to impurities. Hecrystallizafion of tre mixture from
benzene énd methanol gave two crystalline products.~ The
first (L) had a melting point of 155-1570. Its infrared and

- n.m.,r. spectra are shown in Figure 16, page 64, and Figure 19,



113 .

\
page 71, respectively. The second product (LI) had a mélt;ng
point of 195-197°. The infrared spectrur is shown in Figure
17, page 66. The n.m.r. spectrum is shown in Figure 19, page
71.

inel. for L and LI Caled. for CysHigOz: C, 78.23%; H, 7.88%.
Found: C, 78.41%; H, 7.983; C, 78.61%; H, 8.11%.

Stability check on ba-methyl-L4,42,9,10-

tetrahydro-2(3E)-phenanthrone (XXXIV)
in agueous acetic acid

A solution of phenanthrone (XXXIV, 0.5 g.) in 75% agqueous
acetic acid (30 ml.) was allowed to stand in the dark at room
temperature for il4l hours and then worked up in the same man-
ner as the mixture obtained from the 1rradiation of phenan-
throne for 126 hours in 75% aqueous acetic acid. An n.m.r.
spectrum (CCly) of the crude material was virtually super-
imposable upon that of pure phenanthrone.

Stabilitv check on 4a-methvl-1,4.42,9,10,10a~

hexahvdro-4,10za2~-cyclo=-3(2H)-phenanthrone (XXXV)
in aqueous acetic acid

A solution of cyclophenanthrone (XXXV, 183 mg.) in 75%
aqueous acetic acid (5 ml.) was allowed to stand in the dark
at room temperature. Periodically, aliquots (5ul.) of this
solution were withdrawn and diluted to 10 ml. with 95%
ethanol, and the ultraviblet spectra of the resuiting solu-

tions were recorded. The reaction proceeded as follows:
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Time (hrs.) ~Absorbance (238mu)
0 .331
22 - 689
55 . 506
117 ' .258

A solution of cyclophenanthrone (80 mg.) in 75% aqueous
acetic acid (23 ml.) was allowed to‘standAin the dark at room
temperature for 126 hours and then worked up in the same man-
ner as the mixture obtained from the irradiation of phenan-
throne (XXXIV) for 126 hours in 75% aqueous acetic acid. The
n.n.r. spectrum of the crude mixture 1is éhown in Figure 20,
page 74,

Irradiation of 4e-methyl-1,4,42,9,10,10a-

hexahvdro-4,10a-cvclo-3(2H)~phenanthrone
(XXXV) in agueous acetic acid

Cyclophenanthrone (XXXV, 0.8 g.) was dissolved in 75%
aqueous acetic acid (230 ml.) and purged with nitrogen for
0.5 hours. The solution was irradiated in a Pyrex vessel
using a 550 watt Hanovia high pressure mercury arc lamp for
126 hours. The solution was then worked ﬁp ir the same man-
ner as the mixture obtained from the irradiation of phenan-
throne (XXXIV) for 126 hours in 75% aqueous acetic acid. The

n.m.r. spectrum of the crude mixture is shown in Figure 20,

page 74.

Dehvdration of the spiroketol (XIVIII 2,b)

A mixture of the spiroketols (XLVIII a,b, 870 mg.) in

pyridine (10 ml.) was cooled under nitrogen to 0°, Phos-
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vnorous oxychloride (0.7 ml.) was then added under nitrogen
over a period of 5 minutes, and the cold mixture was mag-

netically stirred for 2 hours. A small voluze of the resac-

»
5]

tion mixture was then removed and aralyzed by thin laye
chromatography. This showed the reaction to be incomplete

and more phosphorous oxychloride (1.5 ml.) was added. The
mixture was allowed to stir at room temperature for a total

of 100 hours, and was then poured onto cold 10% hydrochloric
acid (200 ml.). The water layer was extracted with ether,
wnich, in turn, was extracted with sodium bicarbonate solution
and then dried over magnesium suifate. Remo#al of the ether
under reduced pressure gave a light brown oil (510 zg.).

¥hile the last traces of solvent were teing removed from:

this o0il by nmeans of a vacuum pump, the oil turned a very

dark brown color. This was passed through an alumina (Woelm,
neutral grede III) column with Denzene, Eemoval of the ben-

zene under reduced pressure gave a light yellow oil (XLIX,

95% ethanol

360 mg., %5%). The ultraviolet spectrum showed AZZ2%

2L5mu (10,900) and 282mu (1,200). ts infrared spectrum is
shown in PFigure 12, page 53, and its n.m.r. spectrum is shown
in Figure 10, page 46.

Prevaration of the dibenzvlidene derivatives
(£ITI and LIII) of keto-olefin XLIX

Keto-olefin (XLIX, 350 mg.), potassium hydroxide (1.75

g.) and freshly distilled benzaldehyde (6 ml.) were heated in
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methanol (50 ml.) at 80° under nitrogen for 1 hour. The mix-
ture was then poﬁred onto 1lced, dilute hydrochloric acid and
extracted with ether. The ether layer was then extracted
several times with sodium bisulfite solution in ocrder to re-
ove excess benzaldehyde. The ether layer was then washed
with water and dried over magnesium sulfate. Removal of the
solvent under reduced pressure gave a red-orange oil. This
was chfomatographed or alumina (Woelm, neutral grade III)
using tenzene-Skelly B (1:1) as eluent,

The first material to eiute (LII) (100 mg.) had 2 melt-
ing vpoint of 128-136o which, when recrystallized from methanol
was 136.5-138.5°., The second material to elute (LIII) (300
ng.) had a mélting vpoint of 150-165° which, when recrystal-
lized from acetone-methanol was 173-1?50. Tne infrared
spectra of the high and low melting isomers are shown in
Figure 12, page 53. The n.x.r. spectra are shown in Figure
14, vage 59. The ultraviolet spectrum of the low melting
isomer showed ngf EtoH 347mp (30,100) and 239mu (24,000).
The ultraviolet spectrum of the high melting iscmer showed

Aggg EtOH 347mu (30,400) and 239 mp (20,400). Since the high
relting isomer contained some residual acetone not removed by
drying (5.84u carbonyl stretching frequency in the infrared
spectrum and strong singlet absorption at 7.897T in the n.m.r.

spectrum),'the molar extinction values reported for this iso-

mer must be considered minimal.
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The ultraviolet spectra of the dibenzylidene derivatives
were again'reoorded after allowing the efhanol solutions used
for the first spectra to stand on the laboratory Ttench for
abcut two weeks. The high melting lsomer then showed

595% EtOH 3u0p; (23,900) and 24lmp (20,300). The low melt-

mnax
& AT
ngQ ECOL sgomy (24,700) and 25lme (21,000).

ing isomer showed
These data suggest that the dibenzylidene derivatives are
eqguilibrating to a common mixture, probabiy photochemically.
éggl;: Low melting dibenzylidene derivative. Calcd. for

CogE240:  C, 89.65; H, 6.23. Found: C, 89.66; HZ, 6.28.

Folecular weight (mass spectrometric): 388 for toth isomers.

——

Ozornolvsis of the dibenzylidene
derivatives LII and LIIT

The low melting (m.p. 136.5-138.5) dibenzylidene deriva-
tive LII (50 mg.) was dissolved in ethyl acetate (50 ml.).and
czonized at Dry Ice-acetone'temperatures. The solution turned
a deep lavender color on the introduction of excess ozone.
This solution was allowed to stand at room temperaturs until
it became colorless. Then, BQ% hydrogen peroxide solution
(2 ml;).and water (5 ml.) were added, and the mixture was
stirred at room temperature for 24 hours. The ethyl acetate
layer was then washed with water several times and then with
potassium lodlide solutien. BRemoval of the iodine from the
ethyl acetate layer was accomplished with sodium thiosulfate

solution. The ethyl acetate was then washed with water ard
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7 saturated sodiux chloride solution ard dried over magnesiux

4]

ulfate., Hdemoval of solvent under reduced pressure gave an
0il (10 mg.) which was taken up in ethanol (5 ml.) and treated
with 2,4-dinitrophenylhydrazine reagent (73, 3 =l.). & pre-
cipitate formed within 30 seconds. This was filtered off

(10 mg.) and had a melting point of 235-238°. This deriva-
tive proved to be the 2,4-dinitrophenylhydrazone of benzalde-
hy&e. Its infrared spectrum (KBr) was superimposable upon
that of the authentic 2,4-dinitrophenylhydrazone of benzalde-
hyde, m.p. 238-241° (reported (73) 237°).

All of the wash solutions used in the neutral workup
were acidified (pE=2) and extracted with methylene chloride.
Tne organic layer was fhen extracted with sodium bicarbonate
soiution, which was then acidified and extracted with meth-~
yiene chloride. The organic phase was then dried o?er neg-
nesium sulfate and evaporated under reduced pressure, leaving
2 so0lid residue (10 mg.). This was taken up in ethanol (5
ml.) and treated with 2,4-dinitrophenylaydrazine reagent (2
ml.). After approximately 24 hours had passed a precipitate
finally appeared (5.8 mg., m.p. 143-150°). This was taken up
in chloroforn and passed through a celite-bentonite (1:3)
column with chloroform. A solid was obtained (5.1 mg.) which
was recrystallized from ethyl acetate-ethanol to give a 2,4-
dinitrophenylhydrazoné (2.7 mg., m.p. 163-165°) whose infra-

red spectrum was superimposable upon that of synthetic IV,
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See Figure 15, page 62, for a comparison. 4 secornd crop of
this derivative was obtained (1.0 mg.; m.p. 152-154°),

The same procedure was carried'out on the high melting
(m.p. 173-175°) dibehzylidene derivative LIZII (80 mg.); but
a spmaller yield (0.3 mg.) of the 2,4-dinitrcphenylhydrazone
derivative (m.p. 163-165°) was obtain d. It, too, had an
infrared spectrum (XBr) superimposable upon ﬁhat of synthetic
v.

Prevaration of 3,4-dihvdrc-1({2Z)-
nzohthalenone-2-acetic acid (LIV)

a-Tetralone (12.2 g.) was added ovef a period of 0.5
hours (under nitrogen) to a stirred mixture of btenzene (150 |
ml.), sodium hydride (2.1 g.) and ethyl formate (7.5 z.).
ATter a period of one hour at room temperature the mixture
had to be cooled because of foaming. VWaen the foaming had
subsided, a light-brown, voluminous precipitate had formed.
4Tter a period of 3.5 hours at room temperature, the contents
of the flask had set to a solid, E}ght-brown rass. HMore ben-
zene (75 ml.) was added to the reaction flask to facilitate
stirring of the contents. Then methyl bronoacetate (13 g.)
in benzene (50 ml.) was added over a period of one hour. The
nixture was allowed to stir at rcom temperature for 11 hours
and then refluxed for 2 hours. At this time a2 small volume
of the tan-colored reaction mixture was removed and mixed

with water. The water remained at a neutral pH. Addition

3
a
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of more sodium hydride to the reaction flask caused its con-
tents to turn brignt red. Adcéition of methyl bromoacetate
discharged this coloxr., Alternzte accition of sodium hydridé
and methyl dbromoacetate was continued until the reaction mix-
ture was no longer red and showed a basic reaction with water.
The excess base was then destroyed by the careful addition cf
nethanol and finally ice-water. The contents were heated on
a steam bath for 2 hours (enough sodium hydroxide was added

tc maintain basic conditions), cooled, and acidified. The
zixture was extracted with benzene which in turn was ex-
tracted with sodium bicarbonate solution. This was acidiiied
and extracted with benzene which was dried over zagnesiunm sul~‘
fate. zemoval of the solvent under reduced pressure gave 2
solid (6.0 g.) which was recrystallized from ether-hexane to
zive a solid with a melting point of 107-109° (reporteda (74)
106-1080; (75) 109-110°). The infrared spectrun (X3r) showed
strong abscrption at 3-4p (carboxyl), 5.87u (carboxyl), and
5.92u (conjugated carbonyl).

o tion of the 2.,4-dinitrovhernvlihvdrazone
3,4-dihvéro-1(2E)-ravhthalenone-2-acetic acid (LV)

2,4-Dinitrophenylhydrazine reagent (73, 2C ml.) was
added to a solution of l-tetralone-2-acetic acid (LIV, 300
Tz.) in‘95% ethanol (25 ml.). After 19 hours the crystals
were filtered off and wasned with ethanol. & conslderable

amount of the solid (260 mg.) would not dissolve in chloro-
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form and was filtered off, m.p. 2#2-2460. The infrared spec-
trum (KBr) showed strong absorption at 5.86u and medium
absorption at 3-4u indicating that this was the 2,4-dinitro-
phenylhydrazone of the acid. This compound was not further
characterized. | |

The material which was soluble in chloroform was passed
through a celite-benﬁonite (1:3) column using chloroform as
the eluent. Removal of solvent from the elﬁent gave an
orange solid (230 mg.), m.p. 162-164°. This was recrystal=~
lized twice from ethyl acetate-ethanol to give the 2,4-dini-
trophenylhydrazone of the ester LV, The infrared spectrum 1s
shown in Figure 15, page 62.
Anal. Calcd. for CpgHpynOgly: C, 58.25; E, ¥.89. Found:
C, 58.14; H, 5.04.

Preparation of 1.l02-oxido-3,4%,42,9,10,10a~

hexahydro-2(1H)-phenanthrone (ILVI).
A slightly modified version of a procedure published by

Plattner et al. (76) was used for the epoxidation. Phenan-
throne (XXXIV, 2.0 g.) was dissolved in methanol (300 ml.)
which was then cooled to about 20° while being flushed with
nitrogen. Hydrogen peroxide (30%, 15 ml.) and 4 N sodium
hydroxide (15 ml.) were simultaneously added to the stirred
solution over about 5 minutes. The yellowing nixture was
stirred for approximately 10 hours at O-5° and then allowed

to come to room temperature. Stirring was continued for
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another 14 hours. At the end of this time the solution was
colorless and a white solid had precipitated (the solid appar-
ently was a type of peroxide salt which was very soluble in
water and irsoluble in ether; it decomposed violently on a
melting point block). The contents of the flask were poured
into 1.5 1. of water, and this solution was then extracted
with ether. The combined ether'layers were dried over magne-
sium sulfate and evaporated under reduced pressure leaving an
01l (1.37 g.) which solidified on standing. Chromatography
of the'solid on alumina (Woelm, neutral grade III) using
Skelly B-benzene (1l:1) as eluent gave two products; the first
(30 mg.) an oil and the second (1.1 g.) a2 solid. An n.m.r.
spectrum of the solid material showed no olefinic absorptions
and its infrared spectrum showed only 5.85u carbonyl absorp-
tion. Its large melting point range anrd apparent'inabiiity
to crystallize from hexane indicated that it was a mixture of
epoxides, although thin layer analysis showed only one spot,
No further vurification of the solld was attempted.

Prevaration of 2,10a-dihydroxv-hé~methyl-
1,2,3,4,42,9,10,10a-octahydrophenanthrene {(LVII)

Epoxyphenanthrone (LVI, 1.l g.) was added in small por-
tions to a slurry of lithium aluminum hydride (0.2 g.) in
ether (80 ml.). After addition was complete, the mixture was
allowed to stir overnight., DMolst sodium sulfate was added to

the reaction mixture to destroy excess reducing agent and the
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mixture was filtered. ZXemoval of the ether under reduced
pressure gave a non-crystalline solid (1.16 g.), presumably
a mixture of the expected diols LVII, Nc attenpt was nade

tc characterize the mixture.

Preparation of La-methyl-10a-hvdroxv-
3,4,82,9,10,10a-hexanvéro-2(13) -phenanthrone
(L and LI)

The oxidizing reagent was prevared according to the dro-

cedure of Poos gt al. (77). Chromic cxide (1.0 g.) was added

-1

in swmall portions to cooled pyridine (10 =l., 15-20°). To
this mixture was added a solution of 2,l0a-dihydroxyphenan-
throne (LVII, 1.16 g.) in pyridine (10 zl.). The mixture was
allowed to.stand at room temperature for 24 nours and was then
poured into ice water (400 ml.). The water was extracted witl
benzene-ether (1:1), filtration through celite being used to
break emulsions. The organic phase was then extracted with
cold 2% nydrochnloric acid until the wash water remained
acidic. The organic phase was then extracted with scdium
bicarbonate solution and dried over magnesium sulfate. Ze-
moval of the solvent under reduced pressure gave a solid (0.9
g.) with a wide melting range (m.p. 132-165°). Fractional
crystallization first from methanol and then frcm benzene gave
two crystalline products. The Tirst had a melting point of
156-1580. Its infrared spectrum is shown in Figure 18, paze

64%. Its n.m.r. spectrum was identical to that of the keto-

alcohol L obtained from the irradiation of phenanthrone
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(XXXIV) in acueous acetic acid. The seconé crystalline proé-
" ~ - o . . .

uct had a melting point of 195-198°. Its infrared spectruzm

is shown in Figure 17, page 66. The zmount of mzterial iso-

lated was insufiiclent for an n.=m.r. spectrun.

Irradiation of lsvorotatorv La-methvi-i.Lkz:5,10-

tetrahydro-2(3=Z)-phenanthrone (OIIV 1)

Phenanthrone (XXXIV 1, 435 ng., [@]%7 = —3320) was dis-
solved in t-butanol (240 ml., distilled once from sodiuz) in
a Pyrex irradiation vessel. The solution was purged with
ritrogen for 0.5 hours and then irradiated with & 550 watt
Hanovia high pressure mercury arc lamp. after 6 hours the
irradiation was terminated, and the t-butanol was removed
under reduced pressure leaving an oily residue. The residue
was taken up in a small volume of benzene and chromatographed
on a silica gel (Baker Analyzed =Zeagent) column (4 x 15 czm.),
56 ©l. fractions being collected. The separation proceeded

as follows:

Zluent Fraction number Prcduct composition
(infrared aralysis)
2% ether in benzene 1-12 nil
2% ether in benzene 13-25 XXV
5% etner in benzene 26-29 XXXV
5% ether in benzene 30-31 XXXIV arnd XXXV
5% ether in benzene 32-54 XXXIV

Fractions 13-29 were combined and the solvent cozmpletely
removed Dby means of a vacuum pump. The crude solid cyclo-
; 3 : 2 °©
phenanthrone weighed 210 mg. and showed [§7D7 = +41.3"7 (c 1.0,

95% ethanol). Treatment of a pentane solution of this solid
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with charcoal and complete solvent removal gave cyclopnenan-
throne (XXXV d, 205 mg.) with (57 = +40.9 (c 1.0, 957 eth-
anol). The infrared spectrum (K3r) was superimposable uson
that of cyclophenanthrone (XXXV &, [@7%Z’= +42.35%) obtained
by resolution through its enamine salt.

Fractions 32-54 wére convined and the solvent completely
removed by meanslof a vacuum pumd®. Tne crude, solid phnenan-
throne weighed 210 mg. and showed [&)3/ = -317° (¢ 1.0, 957
ethanol). Treatment of a pentane solution of this solid with
charcoal and complete solvent removal gave dhenanthrone
(XXXIV 1, 200 mg.) with [6)57 = -318° (c 1.0, 957 ethanol).
Tne infrared spectrum (X35r) was superimposable upon that of
phenanthrone (XXXIV 1, [@]%7 = —3320) obta‘né& by resolution
through its enamine salt.

A second similar experimer:u was carried out, using a
longer irradiation time. Phenanthrone (XXXIV 1, 430 mg.;
57 = -332°) was dissolved in -butanol (200 ml., distilied
~once) which was contained in a Pyrex irradiation vessel. The
solution was purged with nitrogen for one hour anrd then irra-
diated with a 550 watt Hanovia high pressure mercury arc lamp.
The course of thg reaofion was followed by withdrawing about
2 ml, of sclution and measuring its rotation in a 1 dm.
polarimeter tube. The following snows the course of the

reaction:



t-butanol was removed
residue.
zene and chroxmatogravaed on

agent) column (2 x 15 cm.), 10 ml. f

Tire (hrs.)

-

After 18.5 nours

0

75
18.5

Thne residue
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~

(-3

silica

<=

The separation proceeded as follows

- [Pygs
L iuenvc
ALl A

benzene
btenzene
benzene
Ttenzene
benzene

-0.343
-0.033

leaving an oily
& szall voluzxe of bven-
gel (Baker iralyzed Ze-

raccions teing cocllected. -

Fraction number Product ccmposition
(infrared analysis CClyu)
1-29 nil
30-34 XIIX (5.72¢ carbonyl)
35-101 XXXV (5.82x carbonyl)
102-110 p: .04
111-11%4 X
115-118 nil
117-123 LKIV (5.98. carbonyl)
1z24-127 nil

Fractions 35-114 were combined in ventane and treated

benzene
benzene
benzene
2% ether in
10% ether in
10% ether in
10% ethexr in
10% ethexr -in
twice

with charcoal.

Complete removal of

solvent under re-

duced vressure gave cyclopnenanthrone (XXXV &) with 2 melting
X g ¢ &) g

point of 91-109.50

2
and [4)5"

= +1+l.00

(c 1.0, 95% ethanocl).

The solid was again dissolved in ventane and treated with

charcoal.

with

95%

upon that of cylophenanthrone (XXXV g, [Q]%7

a nel

ethanol).

Its infrared spectrum (XBr)

ting voint of 105-111° and [@7%7

Complete removal of solvent gave XXXV & (130 mg.)

—

-~ AC
+43,07 (¢ 1.0,
was superimpcsable

= +42.5°) ob-

tained by resolution through its enamine salt.
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Fractions 117-123 were combined in pentane and treated
.twice with charcocal. Complete rexoval ¢f solvent under re-

duced pressure gave slightly vellow phenantiarone (XXX 1,

.\)

an 2O
= =318

23 mg.) with a melting point of 57-66° and [@]D
(¢ 0.8, 95% ethanol). The infrared sbectrum (¥Br) was -super-
imposable upon that of phenanthrone (XXXIV 1, [@7%7 = -332°%) "
obtained by _resolution througn its eramine salt.
Frections 30-34 were combined to give'a sxzall amount

(10-20 mg.) of material which exnibited a 5,72p carbonyl

bsorption in its infrared spectrum (CCly), characteristic
(36) of a five-membered ring ketcne. The n.m.r. spectrum
(CCL,) exhibited a one proton multiplet at 2.35-2.64T and a

three proton multiplet at 2.77-3.04T. Twc sharp singlets

o)

were present at L4.56 and 5.10T. There was no absorption be-

reen 8.23 and 8.677T, the region characteristic of the angular
methyl groups of vhenanthrone ({XXIV) and cyclophenanthrone
(XXXV). These data are consistent with the spectral prop-
erties of XLIX.

Irradiation of dextrcrotatorv Lg-methvl-
4,42,9,10-tetrahydro=-2(3H)-phenanthrone (XXXIV &)

Phenanthrone (XXXIV &, 332 mg.; [@]%7 = +332°) was dis-
solved in t-butanol (240 ml., ¢istilled once from sodium)
which was contained in a Pyrex irradiation vessel. The solu-
ticn was purged with nitrogen for 0.5 hours and then irra-

diated th a 550 watt Eanovia high pressure mercury arc lamp.
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After 5 hours the irradizstion was terminasted, and the
t-butanol was removed under reduced pressure leaving an oily
residue. The residue was taken up irn a sxzall volume of ben-—
zerie and chromatographed on silica gel using ths saze tech-

nigue as was used for the 6 hour irradiation of XXXIV 1.

ne crude cyclophenanthrone (XXXV 1, 125 mg.) showed

2 o = . . . .
[Q]D7 = =38.7" (¢ 1.0, 95% ethanol). Treatment of & pentane
solution of this solid with charcoal and complete solvent re-

. ~r 2 % 2 o} =
moval gave XAXV 1 (112 mg.) with [§57 = -50.2° (¢ 1.0, 95%

ethanol). Its infrared spectrun (XBr) was superimposable upon

. - - 2 . . .
that of cyclophenanthrone (XKXV 1, [§7D7 = -42.3%°) obtained oy
resolution through its enamine salt.

The crude recovered pnenanthrone (XXXIV 4, 180 ng.)

Hy

showed [@]%? = +320° (c 1.0, 95% ethanol). Treatzent of a
ventane solution of this solid with charcoal and complete scl-
vent removal gave XXXIV & (160 mg.) with [@7%7 = +323°

(c 1.0, 95% ethanol). Its infrared spectrum (XBr) was super-
imposable upon that of vhenanthrone ([@]%7 = +332°) obtained
by resolution through its enamine salt. -

A second similar experiment was carried out, using a
longer irradiation time. Phernanthrone (XAXIV &, 575 nmg.;
[Qj%7 = +332°) was dissolved in t-butanol (290 zl., dis-
tilled once) which was contained in a Pyrex irradiati&n ves-

sel, The solution was purged witir nitrogen for 0.5 hours and

irradiated for 18.5 hours. The reaction mixture was chroma-



125

tographed on silica gel using the same technigue as was used
for the 18.5 hours irradiation of GXIV 1.

The fractions containing cyclothenznthrone were combineld
in pentane and treated twice with charccal. Comrlete remcval
of solvent under reduced pressure gave cyclopheranthrone

s . . 0 i pm27
(XXXV 1, 153 mg.) with & melting point of 97-110" ard [&]T' =
-20.5° (¢ 1.0, 95% ethanol). The infrared spectrum (K3r) was
superimposable upon that of cylodhenantarone (XXXV 1,

27 .5 =0 o b e e o |- :

[a]D" = -42.37) obtained by resolution through its ernanine

salt.

S
o
b3 4
()
3]
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The fractions containing phenanthron
ventane and treated twice with charcoal. Cozplete removal
of solvent under reduced pressure gave paenanthrone (XXXIV &,
< .. . o - O . 27 N o
5 mg.) with & melting point of 53-647 and [a]p’ = +288
(c 0.08, 95% ethanol). The infrared spectrum {X3r) was
. 2
superimposable upon that of phenartnrone (XXXIV &4, [c]f’ =

(e k)

(o] - . Lz : . :
+3327) obtained by resolution through its enamine salt.

rif

rom thnis irradiation was also obtained a2 small

of material which exhibited an infrared specirum and n.x.Tr,
spectrum consistent with XLIX. This material is aprarently
identical (with the possible exception of being enantiomers)

with that obtained from the 18.5 hour irradiation of XXXIV 1.
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Irradiation of la-methvl-4.La,9.10-tetranvdro-
Z2(3E)-vnenanthrone {XXXI V) in t-butancl

£
Lol

Tails irradiation was used as & standard for compariscn
with the irradiations of XAXIV in the presence of d&ibenzothio-
vhene andé Tenzophenone. Phenanthrone (LLIV, 487 =zgz.) was
dissolved iz t-butanol (230 ml., distillied once frox sodiuzm)

which was contained in a Pyrex irradiation vessel. The solu-

"
anr
T

ot

tion was vurged with nitrogen for 0.5 hours and ir ia

- -3

with a 550 watt Zanovia higzh pressure mercury arc lamp ifter

L nours the irradiation was terminated, and the t-butanol was
removed under reduced pressure leaving an oily residue. The
residue was dissolved in a szall volume of benzene and chroma-
togx apned on a silica gel (Baker Analyzed Zeagent) column
(12 2 & cem.), 50 ml. fractions being collécted.
The fractions containing cyclophenanthrone {(XXXV, infra-
red analysis) were combined and the solvent coxvpletely removed

by means of a vacuuzm puzp. The crude cyclovhenanthrone weighed

180 mg. The solid was dissolved in Skelly B, treated ounce

3 N

with charccal and allowed to crystallize. This treatment
gave 153 mg. of XXXV (m.p. 86-870, rm.m.p. 86-87°).

The fractions containing vhenanthrone (XXXIV) were com-
bined and the solvent compvletely removed by means of a vacuun
pump. The crude phenanthrone weighed 300 mg. Recrystalliza-

ioh from Skelly B gave 266 mg. of XXXIV {m.p. 89-90°, m.m.p.

<t
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rradiation of La-methvl-4.,42,9,10-tetran
2(3«)-Dn°rwnt4”0“v (LZLLIV) in t-butancl i
the presence of diberzothionhene

)

This irradiation immediately followseld the ore used for

2 standard. Tahe same lamwp and irradiation vessel were used

IV, 487 mg.) ard dibenzcthiophene

.-

for both. Phenanthrone (X
(1.0 g., m.p. 99-100°) were dissolved in t-butanol (230 =zl.,
istilled once from sodium) which was contained in 2 Pyrex
rradlation vessel. The solutlion was purged with Yitrcgen
for 0.5 hours and irradiated with a 550 watt Hanovia high
pressure mercury arc lamp. After & hours the irradiztion
was terminated, and the t-butanol was rezoved under reduced
pressure. -The residue was dissolved in a szmall volunme of
benzere and chromatographed on silica gel (Bzker Analyzed
Reagent) column (12 x & cx.), 50 m=l. fractions being col-

lected. The separation proceeded as follows:

Zluent Ffraction number 2roduct cozpesiticn
benzene 1 nil
benzene 2-7 dibenzotnricphene
2% ether in benzene 8-16 nil
2% ether in benzene 17-31" XXXT
2% ether in benzene 32 nil
% ether in benzene 33-34 nil
5% ether in benzene 35-51 IKTV
15% ether in benzene 52-357 nil
50% ether in benzene 5866 nil

The appropriate fractions were combined and the solvent
completely removed by means of a vacuum vump. This treatment

zave crude dibenzothiophene (1.0l g.), cyclophenanthrone (270
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rg.) and phenanthrone (210 mg.). ZHecrystallization of these
materials from Skelly'B gave 1.0 g. of dibenzothiophene (m.p.
99-100°), 233 mg. of cyclovhenanthrone (m.p. £6-87°, m.a.n.
86-87°) and 183 mg. of phenanthrone (m.p. 88-90%, m.z.v. 89-
90°).

Irradistion of Le-methyvl-4.48,9,10-tetranvdro-

2(3Z)-phenanthrone (XXXIV) in t-butanol in
the presence of benzovnenone

D)

This irradiation immediately preceded the one used for
a stahdard. The same lamp and irradiztion vessel were used
for both. Phenanthrone (XXXIV, 487 xmg.) and benzophenone
(4.18 g., m.D. 47-480) were dissclved in g-butaznol (230 =1.,
distilled once from sodium) which was contzineéd in a Pyrex
irradiation vessel. The solution was vurged with nitrogen
for 0.5 hours and irradiated with a 550 watt Hanovia high
pressure mercury arc lamp. After 4 houré the irradiation was
terminated, and the t-butanol was removed under reduced pres-
sure. The residue was dissolved in benzene arnd chromato-
faphed on 2 silica gel (Baker Arnalyzed Reagen:t) column. The
fractions showing 5.82u éarbonyl absorptions in the infrared
spectra (CCly) were combined to give an oil (275 mg.) which
could nét be crystallized from ethanol or hexane, Thin layer
analysis showed several spots, none of wnich appeared to be

cyclophenanthrone (XXXV).

_Aside from benzophenone, the only crystalline product
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obtained showed absorptions at 2.88, 3.27, 3.35, 6.69, £.89
and 8.48 p in its infrared spectrum (CHClB), No absorvtion
assignable to a carbonyl group was present.

stion of Hea-~methvl-% La,9.10-tetranvdro-
vhenanthrone (XXXIV) in t-outanol

This irradiation was used as a staxdard for comparison
with the irradiation of XXXIV in the presence of piperylene.
Phenanthrone (XXXIV, 500 mg.) was dissolved in t~butanol
(300 ml.) which was contained in a Pyrex irradiation vessel.
The solution was purged with nitrogen for 0.5 hours and irra-
diated with a 550 watt danovia high pressure mercury arc lamp.
After 4 hours the irradiation was terminated, and the t-
vutanol was removed under reduced pressure leaviné an oily
residue. The residue was dissolved in a small volume of
benzene and chromatographed on a silica gel (Baker inalyzed
Reagent) column (12 x &4 cm.), 50 ml. fractions being col-
lected.

The fractlions contalning éyclophenanthrone (XXXV, infra-
reé analysis) were combined and the solvenf completely removed
by means of a vacuum pumd. The crude cyclopnenanturone
weighed 138 mg. The crude phenanthrone collected in like

manner weighed 340 ng.
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Irradiation of LY-methvl-L.4s,9.10-tetrahvdro-
2(35)—nnenanthro e (XAXIV) in t-Dutanol in the
presence of 1,3-ventadizne (nivervlene)

Tnls irradiation immediately preceded the cne used for
a2 standaré. The same lamp and 1rr:diati;n vessel were used
for both. Phenanthrone (XXXIV? 500 mg.) was dissolved in
t-outanol (300 ml.) which was contained in a Pyrex irradia-
tion vessel., After the solution was purged with nitrogen for
0.5 hours, a mixture of cis- and trans-piperylene (500-600
mg., not exact because of transfer and evaporation losses)
was added. Tne solution was then irradiated with-a 550 watt
Hanovia high pressure mercury arc lamp. After.b hours the
irradiation was terminated, and the solvent was removeld under
reduced pressure leaving an olly residue. The residue was
dissolved in a small volume of benzene and chromatographed on
a silica gel (Baker Analyzed Eeagent) column (12 x & cm.),
50 ml., fractions being collected. The separation vdrocceeded

as follows using increasing ratios of benzene/Skelly B.

Fracticn number Product comnosition
(infrared analysis, CCly)

5-11 5.80u

13-15 5.83u

17-18 5.87

19-20 5.30 ané 5.87u

21-35 5.78u

36-37 5.82 and 5.974

38~ 5.97¢

Fractions 5-11 contained only a small amcunt of oil

(20-30 mg.) whose n.m.r. spectrum (CCly) showed absorptions
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of aromatic protons (3.0T ), olefinic protons (5.0T ) and

Y

aliphatic protons (7.0-9.5T) in a ratio of about 2.5:1.0:21.

~/

O l’.

[eb]
ON

A very strong absorption band arvpeared at c.

Fractions 13-15 also contained only a small amount of
01l (20-30 ng.) whose n.m.r. spectrum (CCly) showed absorp-
tions of aromatic protons (3.07T ), olefinic protons (4.77)
ancé aliphatic protons (6;9-9.l'f) in a ratio of about
1.0:1.0:4.3. All absorption bands were extremely brcad and
.complex.

Fractions 17-18 also contained cnly a szall smount of
o1l (20-30 mg.) whose n.m.r. spectrun (CCly) showed absorp-
tidns of aromatic protons (2.9 T), olefinic protons (4.57T)
and aliphatic protons (6.8-9.0T) in a ratio of about
2.3:1.0:10.

Fractiéns 21-35 contained about 230‘mg. of c¢il wrose
n.m.r. spectrum (CCly) showed absorptions of arcmatic protons
(2.5-3.2 T ), olefinic protons (4.4-L.77T) and aliphatic pro-
tons (6.5-9.27T) in a ratio of about 3.8:1:16. The infrared
spectrum (CCly) showed strong absorption bands at 3.40 an
5.80r and several medium to weak absorption tands which could
be assigned to varlous double bond absorptions.

The fractions following 38 contained a total of 205 mg.

of crude, solid phenanthrone.
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Irradiation of Y4a-methvl-1,4,42,9,10.,10a-
hexahvdro-4,10a-cyclo~ 3(2H)—phenanthrone
(XXXV) in t-butanol

This experiment was run in order to determine the origin
of the keto-olefin XLIX. Cyclophenanthrone (XAXV, 463 mg.)
was dlssolved in gfbutanol (230 ml., distilled once from
sodium) and purged with nitrogen for 0.5 hours. The solution
was irradiated in a Pyrex vessel with a 550 watt Hanovia high
pressure mercury arc lamp. The progress of the irradiation
was followed by the decay of the 238mu .absorption band (25ul
of sample diluted to 5 ml.) of XXXV and proceeded as'follows:

Eours of irradiationv Absorbance Abforpance
NZE0% 238mu NSEOE 226my
0 .518 « 390
5 525 401
19 : . 529 553
29 - JLs6 «395
42 .380 .352
54 «355 «357

The irradiation was terminated after 54 hours, and the
solvent was removed under reduced pressure. Thé residue was
then dissolved in chloroform, and the solvent was removed
under reduced pressure. This process was repeated several
times in arder to remove t-butanol. An infrared of this
material (CH Cl3) showed a very broad carbonyl absorption
(5.70~5,95u) and weak bands at 6.15 and 6.23u. A medium
intensity band was present at 11.06u, possibly due to a
terminal methylene group. The n.m.r. spectrum (CHCl3) showed

a sharp, low intensity singlet at 4.48 and a broad absorption
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band at 4.82-5.27T, which would mask any other weak aovsorp-
tion in this zarea.

The mixture was chromatograpnred as usual on silica gel.
Combined fractions 26 and 27 (10 mg.) showed 5.72x and 5.82u
carbonyl absoxrptions in the infrared spectrum (CCly). 4n
n.z.r. spectrum (CCi4) showed two singlet'absorptions at L.s5k4
and 5;083. These data are compatable with impure XLIX.

tarting material XXXV was also obtained frox the chroxato-
graphy (220 mg. crude).

Irrzdiation of La-methvl-4.42,.9,10-tetrahvéro-
2(3H)-phenanthrone {(XXIV) in t-butanol

This experiment was run in order to determine the origin
of keto-olefin XLIX. Phenanthrone (XXXIV, 2.0 g.) was dis=-
solved in f-butanol (230.ml., distilled orce from scdiuz) and
purged with nitrogen for 0.5 hours. The solution wazs irra-
diated in a Pyrex vessel with a 550 watt EHanovia high pressure
mercury arc lamp. The irradiation was terminated after‘bi
hours, and the solvent was removed under reduced pressure.
The residue was dissolved in caloroform, and the solvent was
removed under reduced pressure. This proceés was repeated
several times in order to remove t-butanol. 4in n.o.r. spec-
trum (CHC13) of the crude materizl showed small splkes at
L,14 (vinyl hydrogen of XXXIV), 4.47 and 4.94T. The last
two splkes can be attributed to the exo-methylene protons of

XLIX.
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Chromatography of the crude mixture on silica gel as
usual, gave crude phenanthrone (120 zg.), crude cyclophenan-
throne (XXXV, 720 zg.) and a srall amount of material whose
n.m.r. spectrum (CCly) showed sharp singlets at 4.55 and
5,107 . These can be assigned to XLIX.

That some XLIX might be formed from XXXV on the silica

)

gel column is of no consequence since absorptions due to the
exo-methylene protons of XLIX can be seen in the crude reac-
tion mixture before chromatography. It should be pointed out
that the vinyl.hydrogen absorptior of XXYIV appears at 4.147T
(auihentic sample) in chloroform while in carbon tetrachloride

it appears at 4.25T (authentic sample). A sikilar shift is

seen for the exo-methylene protons of XLIX.
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SUMMARY

Ccmplete resolution of La-methyl-4,4a,9,10-tetrahydro-
2(3H)-phenanthrone {(XXXIV) and 4a-methyl-l,4,4a,9,10,10a-
hexahydro-4,10a~cyclo-3(2H)-phenanthrone (XXXV) has been
accomvlished by a novel method involving iminium salts.

The irradiation of optically pure phenanthroﬁév(XXXIV)
in t-butanol gave good yields of XXXV with an optical purity
in excess of 95%. Preliminary quenching and sensitization
experiments were-carried out in an attempt to identify the
reactive state in the conversion of XXXIV to XXXV. Based on
these results, a mechanistic interpretation of this trans-
forﬁation is given as well as a comparisdn to existing inter-
.pretations of similar systems. A second photoproduct (XLIX)
produced in low yields has also been identified.

Irradiation of phenanthrone (XXXIV) in aqueous acetic
acid produced two photoproducts (L and LI) which had incor-
porated a molecule of water. Three secondary products
(XLVIII a,b and XLIX) were also produced by the acid cata-
lyzed rearrangement of XXXV, Complete structure proofs are
glven for these five compounds.

A brief ccmparlson of the photochemistry of cyclic a,B8-

unsaturated ketones and cross-conjugated cyclohexadienones is

given,



10.
11.
12.
13.

14,

15.

140
LITERATURZ CITED
H. E. Zimmerman and L. I. Schuster, J. &m. Chem. Soc.,

83, Lu86 (19561).

H. E. Zimmerman and D. I. Schuster, J. Am. Chem. Soc.,
84, 4527 (1962),

C. Neuberg, Chem. Ber., 3%, 1192 (1903).

C. Neuberg and M. Federer, Chem., Ber,, 38, 8466 (1903).

Z. B. Woodward, T. P. Xchman and G, C. Harris, J. An.
Chem. Soc., 63, 120 (1941).

I. V. Hopper ard . J. Wilson, J. Chem. Soc., 2483
(1928).

A, B. Crawford and . J. Wilson, J. Chez. Scc., 1122
(1934). |

A, J. Little, J. F'Iean axnd . J. Wilson, J. Chem. Soc.,

336 (1940).

J. XK. Shillington, G. S. Denning, Jr., W. 3. Greenough,
Irr, T. Hi1l, Jr. and O. B, Ramsay, J. Am. Chem. Scc.,

80, 6551 (1938).

F. Nerdel and E. Henkel, Chem. Ber., 83, 1138 (1952).

¥X. H¥islow and C, L. Hamermesn, J. Amx. Chem., Soc., 77,

1590 (1955).

E. Sobotka, . Bloch, Z. Cahnmenn, E
Rosen, J. Am. Chem. Soc., 65, 2061 (

. Zeldbau and =.
1943).

E, Acdams, C. M. Smith and S. loewe, J. &m. Chex. Soc.,

6ls, 2087 (1942).

N. J. Leonard and J. H. Boyer, J. Org. Chem., 135, 42
(1950).

. Kotake and G. Nakaminami, Proc..Japan Acad., 29, 56
(1953). Original not available; abstracted in Chexm.
bst., 48, 1140kd (1954).

R. Adaxs and J., D. Garber, J. Am. Chem. Soc., Zl, 522
(1949).



17.

18.

19.

20.

21.

22,

23.

24,

25.

26,
27.

28.

29.

30.

31.
32.

141

-

J. Casanova, Jr. and . J. Corey, Chem. Ind. (Londcn),

1664 (1961).

-

BE. J. Corey ard R. B, Mitra, J. Az. Crem. Soc., £,

2938 (1962).

J. J. Hurst and G. Z. Whitham, Proc. Crem. Soc., 1580
(1939) .
J. J. Hurst and G. #. ¥Whithazm, J. Chen. Soc., 2864

(1960).

W. W. Kwie, 3. A, Shoulders and P. D, Gardner, J. 2im.
Chem. Soc., .84, 2268 {1952).

C. L. Chapman, T. A, HRettig, aA. A. Criswold, a. I.
Dutton and P. Fitton, Tetranedron Letters, Ro. 29, 2049

(1963).

?. geﬁer and K. Schaffner, Chemisch Weekblad, 0, 389
1964) ., ’ "

B. Xarm, D. Gravel, E. Schorta, XZ. Wehrli, K. Schafifner
and O. Jeger, Helv. Chim. icta, 46, 2473 (1963).

H. Wehrli, R. Wénger, K., Schaffner and 0. Jeger, Eelv.
Chim. Acta, 46, 678 (1963).

H. E. Zimmerman, Pure Appl. Chem., 9, 493 (1964).

(&

. B. Zimmerman and J. W. Wilson, J. Amn. Chenr., Soc.,
&, B036 (1964).

>

02]

L. Johnson, M. E. Herr, J. C. Babcock, A. Z. Fonken,

E. Stafford and F. W. Heyl, J. im:; Chex. Soc., 73,

30 (1956).

K. Bovden, Z. A. Braude, . R. =. Jones and B. C. L.
Weedon, J. Chem. Soc., 45 (1946).

J
J
L

W. B. Smith and J. L. Massingill, J. Am. Chexm. Scc., 83,

4301 (1961).
L. Dorfman, Chem. Revs., 53, 47 (1953).

N. J. Leonard and J. V, Paukstelis, J. Org. Chem., 28,
3021 (1963).



33.

3k,

37.

38.
39.

41,
L2,
43.

L,
450

L6,

L7.
L3,

1k2

D. Roberts, Nuclear iMagnetic ZResonsnce. New York,
Y., McGraw-Eill Book Co., Inc. ¢l1l959.

.
-

PN

William R. Adams, A New Method for the Eesclution of
Ca;oonjl Compounds. Unpublished M.S. thesis. izes,
Iowa, Library, lowa State Universit v of Science arnd
Technology. 1965.

E. S. French and L. Wiley, J. Axz. Cher. Soc., 71, 3702
(1949) .

Xoji Nakanishi, Infrared Absorpntion Spectroscopy. San
Franciscc, California, Eolden-Day, Inc. ¢cl962.

C. L. Chavman and R. W. King, J. &x. Chem. Soc., 3

1256 (196L). o
E. A. Braude, J. Chex. Soc., 1902 (1949).

A, A. Griswold, Photocherical Studies on Unsaturated
Ketones. Unpublished Pn.D. thesis. Anmes, Iowa, Library, —
Jowa State Lniversity of Science and Technology. 1963.

E. Wenkert and T. Z. Stevens, J. &x. Chem. Soc., 78,
2318 (1956).

?. X. Freeman, M. . Grostic and 7. A. Eaymond, J. Org.
Chem., 30, 771 (1965).

C. Ganter, E. C. Utzinger, X. Schaffner, D. Arigoni and
0. Jeger, Helv, Chim. Acta, 435, 2403 (1962).

K. Welnberg, E. C. Utzinger, D. Arigoni and O. Jeger,
Eelv. Chim. Acta, 43, 236 (1960) .

?. J. Kropp, J. Am, Chem. Soc., _2, 3914 (1965).

E. E. Zipmerman and J. S. Swenton, J. Am. Chex. Soc.,
86, 1436 (1964).

., £, Zipmerman, R. C. Hahn, H. Morrison and . C. Wani,
J. Am, Chem. Soc., 87, 1138 (1963).

ey
L[]

H. E. Zimmerman, Advan. Photochem., 1, 183 (1963).
J.

A, Bercon, C. J. Clsen and J., S, Walia, J. &m. Chem.

Soc., 84, 3337 (1962)

J. Saltiel, Survey of Progress in Chemistry, 2, 239
(1964) .



50.

51.
52.
53.
54.

55.

56.

57
58.

59.

60.

61.

62.
63.

6k

65.

143

G. O. Schenck and R. Steinmetz, Tetranedron Letters,
_I'E_.o _]-_’ l (1960)0

G. S. Hammond and W. M. Moore, J. &m. Chex. Soc., Zi,
633k (1964).

M, furst, H. Xallmann and . E. Erown, J. Cahemx. Phys.,
25, 1321 (1957).

W. G. Herkstroeter, 4. A, Lamola and G. S, EHammond,
J. Am. Chem. Soc., 86, 4537 (196%).

G. S. Zammond, P. A. Leermakers and N. J. Turrc, J. &m.
Chem. Soc., 83, 2396 (1961).

G. S, Hammond, J. Saltiel, A. A, lamola, N. J. Turro,

J. S. Bradshaw, D. 0. Cowan, Z. C. Counsell, V. Vogt
- A [ - 21

and C, Dalton, J. Am. Chem. Soc., 85, 3197 (198%).

G. S, Hammond, N, J. Turro and ?. A. leermakers, J.
Phys. Chem., 66, 1144 (1962).

8

P. Z. Zaton, J. Am,., Chem. Soc., 8&, 24354 (1962),
K. Dowden, 1. Hellbron, Z. &. k., Jones ané X. H. Sargent,
J. Chem. Soc., 1579 (1947).

J. C. D. Brand and D. G, Williaxmscn, Discussions Feradey
SOC.’ Z.i’ 184 (1963)0

T. X, nalil, Chemical and Photocnemiczal Studies of Un-

saturated Cyclooctane Derivatives. Unoublished Ph.Z.

thesls. Ames, lowa, Library, Iowa State University of
Science and Technology. 1965.

M., E. Pisch and J. H, Richards, J. aAm., Chem. Soc., 83,

3029 (1963). ..

D. E. E. Bartor and G. Quinkert, J. Chem. Soc., 1 (1960).

O. L. Chapman ard S, L., Smith, J. Org. Chem., 27, 2291

- (1962).

D. E. Freeman and W. Klemperer, J. Chem. Phys., 40, 604

P. J. XKropp, Photochemistry of Cross-conjugated Cyclo-
hexadienones. In Chapman, 0. L., ed. Organic Photo-
chemistry. Vol. 1. New York, N. Y., Marcel Dekker,
Inc. ca. 1966.



66.
67.

68.

69.

70.

71.

72.

73.

74,

75.
76.

77.

1L

G. V. D. Tiers, J. Phys. Chem., 62, 1151 (1958).

J. A. Barltrop and J. E. Saxton, J. Chem. Scc., 1038

(1952).

M, D. Soffer, k. P. Bellis, X, Z.
Stewart, Crg. Syn., 32, 97 (1952).

N

Gellerson and . A,
G. Stork, A. Brizzolara, H. Landesman, J, Szmuszkovicz
and R. Terrell, J. Am. Chexz. Soc., 85, 207 (1963).

H.)Howell and D. A, H. Taylor, J. Chexz. Soc., 1243
8).

H e
0
W

K. D. Zwahlen, W. J. Horton and G. I. Fujimotc, J. Am.

Chem. Soc., 79, 3131 (1957).

W. J. Pope and C. S. Gibson, J. Chez. Soc., 97, 2211
ralph L. Shriner, zeynold C. Ffuson ard David Y. Curtin,
The Systematic Identification of Organic Compounds.

rth ed. New York, N. Y., John Wiley and Sons, Inc.

cl956.

W. . Bachmann and G. D. Johnson, J. Ax. Chex. Soc.,

71, 3463 (1949).
I. Bergs, Chem. Ber., $3, 1285 (1930;.

Pl. A, Plattner, E. Heusser ané A. B. Kulkarni, Eelv.
Chim. Acta, 31, 1822 (1948).

G. I. Poos, G. E, Arth, R. Z. Bevier and L. Z., Sarett,
J. Am, Chem., Soc., 75, 422 (1933).



145
ACKNOWLEDGHEN

The author wishes td acknowledge ané sincerely thank
Dr. 0. L. Chapman for his éuggestion of thc protlen and Toxr
nis guidance and encouragement during the course of this
investigation.

The author wishes to express his sincere gratitude to
his wife, Fay, for her help in the preparation of this manu-
script and for her patience aré understanding while living
with the not very patient and understanding author.

The author wishes to express nis deepest gratitude to
his parents, wno have gquietly endured inumerable sacrifices
since June 30, 1939.

Finally the author wishes to acknowledge the Tinancial
support provided by the Natlonal Institutes ol Health (award
nusber 5-F1-G}-21,687-02) who supported him from Septexber,

1963, to September, 1965.



	1965
	Photochemical studies on 4a-methyl-4,4a,9,10-tetrahydro-2(3H)-phenanthrone
	James Bernard Sieja
	Recommended Citation


	tmp.1411601292.pdf.L8Vkx

