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INTRODYCTION

Previous work by Drake and Campbelll has iadicated that frie-
deltn i3 o polysyslic tritesrpancid of the formla ﬂgﬂ%ﬁy cmtuining
Gl o Bat nothing def intte wasn kancwn oonsersiag the

posjtion of the funotional groap in the molssule; dehydrogesmation eaperie
sents have yielded no oxygen containing fragments to assist in the
-legation of the oarbonyl smak 1% h the parpose of ﬁ;i ressavoh to
logate this fansticnal group spprozimately by surface film studies,
prior to an investization of the reastitns of sertain friedelin degrada~
tien products.

Oorin has been identified by Drake and Shradesr® as an hydrexy
ketone of formmle ﬂ»ﬁmf}g' but the pesitiens of ﬁ?’, carbonyl and hAydrexyl
groups with respeoct to cach other or the m;ahr‘ of the molesule are
not known. Unpablished work by G. L. Holmes has shown that the searbomyl
group of cerin scoupies the sane position as in the friedeiin zvlesule.
It 18 the purpose of this rescarch to approximstely losats thess groups
with respest to each other and with reapegt to the resainder of the wele-

gale by means of surfase film studles.

ie Drake and Campbell, Je¢ Ae O« Sey ﬁ! 1681, (1936)
2+ Drake and Shrader, Je¢ A« Ts 8oy ﬂ,t 1484, (1335
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hydroxyl group at the two position. Dehydrogenation of Q-mmm methyl
ether yields a methoxy dimethyl piloens, which han beon shown to be
ddentisal with synthetic Iwmethoxy-1l,8 é&mthﬁ pisene. Pilm pressure
measurements om @«uyrin by Askew! heve shown ehut%»wrm forms n
stable f1ilm in whish the area per molegule at gerc amhaim 18 47 ags
2° an mm ‘u axgcu’&d Tom' W&i&"w&gxu vma Q,"’Wi"? with 1ts
mml.y hydxyﬁlm aarbonyl zroap gives a wn.-:y slif,,hﬁtq cmrati“&la film
amyﬁ an area of w‘}ﬁ !Qa g" gi; &f;&u at sern w"ﬁ.tsp{cm 4
szeng reasonable that the large difference between Askew’s results and
those obtained from friedelin amd its derivatives cen not be explaiaed by
senf'igurational di!‘foéun‘au‘ sinse froem an @:naﬂm of the meleoular
ueé:;; :h% :tanaumw ;quw ossupy sbout Eh;o,?u* :m in &
cu%mﬁ £ It ia t&amrwg m!k.;;y that Friedel in]bhas iu}eubmvl
mtbuiti 2+ Poraula 117 l? also unlikely streotf aimﬁ the
@c‘bwl goup 3s ia about tbg same p?laitim with reas ‘s‘et teo rest of
thﬁuﬂnm a3 it Is o yas*iaa 2+ sFormuls 11 has v,“ mgdtrd ak &
pm&bilig beonuge of fngubta %t“nﬁ fros dehydrogenstien mixtures,
bat & moleocule with this :tmaiuﬂ ‘sheuld 1ie flat on the surface and
give a very unstable film ocoupying & suoh larzer area than was sotaally
observed. Malortunately for purposes of comparisom there is no existing

data rgw sompounds known definitely to have one snd ounly /qc hyrdroxyl
*&.
m"# in 5&: lamlstf- _ A L3
b “‘ﬁs i\"r’f‘j’{ s
%J;‘A g - re Jgroes very w‘}u o the ﬂlm ?Gsmr- data

y

ir we irb 1%, R m&muw&'mu ot mi‘aaglm This
39 e

uaawtimvin supported by evidense from {ilms of rriedamﬁ agid where a

rinz hes been ruptured snd the sarboxyl zroup is farther from the end of

Te Askew, J» O 3. 143, 1585, (1936)
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the molesule than the sarbonyl of friedelin. The sarboxyl and olsethylene
groups are probabdly submerged in the ligquid and the point of attashaent
of this group is nearsr the senter of the moiecszale than the sarbonyl
groups This strugture causes filzs te osoupy areaa zrestsr than those
sbtained Prom friedelinol or friedslin oxime and to be much more stable.
Pigare 171 shows the relation between area per smolscule and
applied pressurs for norfriedonic asid om distilled water (Curve V),
friedelin oxime on 02 X sodium hydroxide (Curve 1X), norfriedonic asid
on 02 % sodius hydroxide (Jurve X), and friedonic asid oa 02 ¥ sodiam
hydroxide {Jurve X1)e WFhen these ourves ars extrapolated to szerc com
pression they coeupy areas of;
i Rorfriedenic aoid on distilled waters..«5% sge A® per molascule
Horfriedonto L&» o +02 ¥ HaCHevesresebT 8g¢ A% por molecule
Prisdelia oxime on 02 K NalHeevooasasea S 2ge A® por molegule
Priecdmic acid on «02 ¥ HalGHesswsseessedS age A% por molesule
When friedenic acid is spread on -02 ¥ godiam hydroxide the
molecules 1ie almost flat on the surface duw Lo the strong attrmstion
between the acid and the sodium hydrexide as would be expested from o
moleaule of formula Yo HNerfriedonioc acid filas alaeo yield date in agree-
ment with this structure. Howewver, friedelin oxime when sproad on sodiunm
bhydroxide gives approximstely the szame values as those odtained on dis~
t1lled water although salt forsation 0oours. This sttrastive foroe has
little affect on the stability of the film or the ares ovcupieds Inmamuch
a8 the differsnce in anshorsge to the surface doea not alffect the area of
the film then the cardoayl group mast be near the sud of the aclegule.
The experimental evidence, thersfore, would indicate that the
faneticnal group of Cfriedelin §s in ring B of the vewwﬁ.ﬁww perayd row
picene skeleton. Unlortunstely, all of the iriterpencids of this general
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type whioh have been studied appesr %o have an hydrexyl zroup 1o ring i.
and noe struotures have besen propoged for compounds of this type in whish
an hydroxyl or a derbonyl zrowp is lesated in ring B. 1% is appreciated
that too guoh relimnce should mot be placed upom awiu‘éﬂm drawa from

surface ‘tixm pressure mmwwfrm uxistim data 1&,:5@&& that
‘1’ ’9‘

Mmtimfm hyéwwl group in ring s'm fr&%z\hzl is Mamu
»,
,ﬁa& plwiytm groap m.m md«:wh is p aimuiy dodanied.
7

r Sinoe the positions of the sethyl groups ia raml‘{, mw not
baen proven (with the exception of the 1 and 8 positicus), twmlu v

and 7 aoaléd sgually well be the true structure in view of the evidence

mﬁing the strusture of m&ﬁm which has boen mtcd up to
“y et
the bresont fime. Jhould tw is 7Y ﬁv the true atmt@o of téx? triteor-

pengid sﬁalém of cerin snd f@iedsl Mi then the WW& group ;W

tons 1Q4or 11 would give Purfece Bilm date In mn&uﬂ: w&? the
sutall results. We sustd ' sous {der mutamht as
;:m?h‘i;:t stares for frisdefin ai Plordgle. v, waers
the additional possibility t'w 1%1&5 e garboayl zroup at position 6

ﬁth formula I

exjsts, is not a probable str ¢ forffriedelin, If this were the
stracture, the functicnel ymﬁwtﬂ in derivatives would cause the

les to lie flat om the surface and produce films giving areas at

X3
>

sero alprossion of approximately 110120 sq. A% per mo Se 'rt mﬁ
“salse be soddflered that mmw alse the au?l@xwl at
g ) 14 u‘» shown ﬁn formala fe Holeculgs of u wr?ﬁw woald

also g%ﬁéﬁ film dm &M‘N ‘our experd 1 results.

Te must await the cutasme of fature experimanis ou the further degradation
of friedonis and norfriedonie asids, and tihe results of a study of the

dehydrogenation of friedelinyl methyl ether before a more def infte answer
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SaB de given.
. Pigare 17 shews the relaticn betwesa ares per molscule and
applied pressurs for cerin (Jurve V1), b»wwn,né aanul“.hﬁﬁzt Y1)y and &
dibagic soid obtained from serin by exidation (Jurve ¥IIl)e When these
sarves are extrapelatsd to sero conpression they give vaines of;

COPIR ssmssesensseasssnssnnens Sb #9¢ A° por melecule

DIRYAre o8PinN ceecsscasssances 5205 83+ A® per nolesule

Dibasis K0Id seessscsscnasasee 6.5 8g. A° per molecule

It is therelore cousluded from the curves shown that the aydroxyl

group of cerin s not far removed from the carbonyl zroup and $s probadly
asar the end of the molesuale. This s the only censlusion that can be
safoly drawn from these studies of the surfece filas of cerin and its
derivatives. This conslusion seesms to be sapported by atudies om sarface
£iloa of chloregenin by ¥ollerd. Chloregenin in whish the hydroxyl groups,
on the basie of oygnwwpw evidence, are looated in differeat rings, cocupies
8 large ares por molecule in & surfase films Chloregenin and its derives
tives produce f{lus in whish the srea al z8ro ompressicon cannct be de
detersined with asccurssy bscause of the sztrews instadbility of the £ilme
Both of the hydroxyl groups exert an attragtive forse for the substrate
and when this force is exerted from twe distant pejnts im tae molssule ft
sauiges the molesulas to lis flat om the surfage prodasing an wastadies £iln
whioh oooupies s larze aroa per moloaules ihen twe hydroxyl groups are
relatively close in the welecule they exert their attrastive forse From
one part of ths molscule. If a.sr:a hydroxyl groups a,!- olose to eash
ctiser and are acsntrally located in the moloocule then ome could not dis-

8« Woller, Js 4s o+ Se 60, 2629, (1938)
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EXPERTRENTAL

The surfase pressures wore {irst asesured on & Hydrophil
Ha"a_imu of the type used by sws and Mﬁmug nd later on a Jenso
|ydrephil Balance. Very good agreemsent was twl in the dats odbtained
from these two balanoess The gensral procsdure usod was that developed
by Mam and conorkersi®. Cme to twe mg. of sample, weighad o 005 mge,
was disgolved in carefully puriflied bensens at room tempersture snd ithe
rolume adjusted to 25 ale in & volusetris [lask. The solution was plaoed
on the surface by mewns of a calibrated 1 ml. pipette. The f{lma shown
in furres 1 through VIIY were sproad m distilled water; Curves JX. X,
and I, wmere sproad om .02 ¥ NalHe All films were measured at room
temperaturss (21° « 26%),

The phenossnon of seatrsobion was oduerved om all filas, and
was most proasunced with friedel fuel and ocerin. Pilus of the noidio
substances were very stable, bdat showed some contraction at higher pres-
sures. The films reported are equilibrius jlms. To oheck the techaigue
and prosedurs, data was obtelnsd for cerefully purified atearic woid, the
results, shown in Pigure 17, ebtaloevd agres with the data of Adam and
coworkerstl.

9. 4sdum und Jorsop, Prog. Roys 300. mh k23, (21926)
10. sdan ot ‘1&# RZioghate Je ﬁq 1?56. (I?Bﬁ

1le Hs Ze Adam, The #hyﬁu and Chemistry of 3urfaces, pags P
Caford Unive Preas. (1930).



Surface films of Stearic Acid on distilled water

Figure Vs
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Sample Caloulation « Priedonis A9id en Distilled Water

Datas Sample 2.022 wg. mede up to 25 ml. in benzens (1 al. of sol'a
) waed)

Length of £ilam » 40.0 cme
Degrees torsion = 51.3¢
Saloulationgs
(1) %ﬁ e 08083 mg. friedosic asid ecntained in 1 =i,

(@) ﬁ%%ﬂ x 64062 x 1027 = 10,70 x 1016 molecules in 1 mi.
Lz

(3) 490 x 140 = 560 sq. ome area of film
= 360 x 1016 8gs AC area of film

(5 #_% = 52,4 sge A? por molecule
Q.70 x 10

(5) BRend direstly from calibration surve

S5le3 degrees torsion = }_&_‘L dynes per om.

the Kydrophil balasnce was celibrated by plasing previously
stendardized aluminum weights oo the lever arm provided om the balance,
and observing the aumber of degrees torsimm mesessary to return the
indicater to the sere positicn. |

Data obtained and caloulationa made are summarised in the
following tabless |
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Calibration Curve I for Cenco Hydrophil Balance

Figure VI:
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Calibration Curve II for Cenco Hydrophil Balance

Figure VII:
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12.

Daliibration of Torsion Yire e Cenco Hydreophil Balance

¥osight Used Reading T Reading JI Reading IIY Average Dynes per os.
{Grams) (Dynes) {degroes)

2he3 23.0 3537 3537 3537 3537 1.87
o0 430 T 3472 34T.1 HTe2 386
758 The2z Lo 07 0.6 0.8 5008
399 | 79 334.8 33447 3347 3347 T«70
126.0 123.5 323;1 3279 328.1 32840 972
150.,8  147.8 321.9 322.9 32149 321.9 il.62
176.3  172.8 3153 3153 5153 3153 13.9
200e3  196.3 3@5.3 30943 309.3 309.3 15:44
224.9  220.4 303.2 30342 303.3 P32 17435
251.5  246.5 296.7 296.5 29643 29647 19.39
2748 269.3 29140 230.8 291.0 291.0 21.18
30Leb  295.6 2841 284.1 2341 2341 23422
3271 320.6 278.0 277.8 277.8 2Z77.8 25.21
35140 34440 272.2 27149 272.0 27240 26,76
3«3 369.8 26547 2655 265.4 26505 29.08
BO06  392.6 25946 25,3 2595 2595 39.70

2.1 492.1 23440 2339 2339 2339 38.76



Seaples of suadstances used;

}
2

3

6.
T
8.
2

Substanse
Frivdelin
Priedelinel (1)
Friedelinel (2)
Friedelin oxies
Friedonto asid (1)
Priedontc acid (2)
Qerin
Dihydre serin
Horfrisdonic asid
Oerin didasic asid
Stearis anid

Mi’ Wb
'(_3& Bge)

1.836
7635
2.127
24047
2.022
7-788
14987
7-781
1.157
3+107
3+ 560

Total veol.
{in md.)

25
100
as
25
a5
100
25
100
25
25
25

¥ge por ml.

+OT 344
207635
»08508
08188
+ 08088
07788
07948
07781
204628
204429
»142%

13

Molsaules per

ml.
10.4% x m"‘
10.8 x 1036
12.08 x 1016
11424 = 10b6
10.70 x 1036
10.32 x 1016
10.91 x 106
10.62 x 1036
6.32 x 1046

5.67 x 1016
30435 = 1036



Data obtained from sarfase filam

Dynes oa
Fleat Dynes/om.
8.5 0.53
12.3 1.05
23.8 1«35
§9.0 4§00
752 6.06
979 7.33
123.5 10.08
147.8 12.0%
172.8 1412
196.3 16.03
220.4 37.38
246, 5 20.14

On Distilled Tater

Priedelin Oxime; On Distilled Water

Frisdel in;
Fila Leagth
( om ) 39 A‘M
270 35,,2
2.8 30.6
21.0 28.1
18.7 251
15’1 3 21 .3
1he6 19.5%
12.5 16.7
10.4 14.0
3.4 11.1
6.8 Fel
55 T+4
3.8 5.1
Film Leagzth
(om) 83, 4%/mol
7 4.8
A3 53.6
§2 52.3
41 513
40 49.8
» 43.5
P8 §7.3
37 §bal
3% 448
35 43.6
3% h2.4
» b
25 3.2
20 2§49
15 18.7

Degress Dyass/scn.

Torsion

2.8
5.4
9.6
i7-4
20.7
31.7
392
n.é
8.2
64.9
67+6
9.4
102.8
125.0
195.1

0.8
1.6
2.9
33
6.3
1l.5
12.0
155
17.8
15.8
20,8
237
3.6
B
6040

priedelinol; On Distilled Fater
Fila Length Dynes on
(oma) 34 4%mel  Ploat Dymes/em.
§2.7 55.3 L 0.33
&1& 5313 33;5 ’ 1095
3.5 £1.2 43.0 4.00
38.8 02 74.2 6406
27.8 13.9 97.9 7.98
374 43.5 123.5  10.08
36.6 474 1578 1208
359 46.5 172.8 1412
35.2 §5:7 19643 16.03
3440 PR 2h6.5  20.1%
Priedelin Oxime: On %/50 NalH'
Fila Leagth , Dezress .
{om) 8¢» 4%/mol Torsiom Dysss/om
-] £2.2 1.3 8.5
] 5947 2.2 0.7
§7 58.5 3.0 049
46 STe3 5.0 i.5
w %Oﬁ aﬁg iieﬁ
7 548 1342 §eD
43 536 19.3 59
§2 5243 26.7 42
41 51.0 352 16.8
40 49.8 §0.0 1243
9 38,5 53.6  15.4
7 461 79.0 2443
3 39.8 102.0 . 2le}
26 2.4 116.0 357

1
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Dihydre Oorins On Diastilled

Piin
Leagth
< TN

Ble7
495
3.6
s
8.

3%5

%-7
3643
359
355
351
34

o
272
21.8
18.8
175
164
14.8
13.8
12.8

Hator
Bge &°
per
nol

SheB
53.3
S52.2
5.5
5.8
0.2
49.6
491
43.3
4§77
573
6.8
b2
43.6
4340
35.8
28.7
AT
2351
216
19.5
18.2
16.9

Eyan
?l ﬂa‘h

S0
23.8
39.0
The2
979

1235
147.8
172.8
196.3
220.4

246. %

2‘3‘3
295.6
320.6

34540
369.8
392.6
h16.4
441.6
465.4
492.1

- 5159

Sh1.1

Dynes
per
m,

041

1.9%

500

6,06

To93
10.08
12.0%
14012
16403
17,98
20.15%
22400
24.18
26.72
28,65
30.80
J2.68
34463
36.68
38.63
Rl.02
297
h5-02

16,

Sorfrisdenic Asid; On B/50 RalH

rilm
Length

Oy

E 3

BERQRBVRE

89+ A%

por
nol

84.1
79.8
753
70.9

Degreas
Torsion

&2
-4
102
30
19.6
28.2
49.1
€0.8
7240
8z2.0
$0.9
102.0
168.1
i11.7
1140
1170
11840
118.0

Dynes
per
. M

le2
1.9

32

¥:

8.7



gsrimy On Distilled Fater

Pilm .
Length
(Cme)

843
31
bl
408
3‘3‘5

ll«a
109

§@t A®
par
mel

5647

552
53.9
523
2.7
9.2
3
§6.1
B 54
431
Ble7
30.2
351
31.7
2%.0
258
2246
197
17.7
164
15.1
140

Dyaes
on
Floak

8.9
23.8
$9.0
The2
979

1235
147.8
172.9
19643
220 +4
246. 5
269,
295

320.6
Fahe0
369.8
2.6
416,

4hie

465.4
§9241
515.9
Sh1ed

Dynes
por

0465
195
4«00
8406
7.98
10,08
12.05

‘24;93

17.98
.14
22,00

213

26472
28,65
.8
33*7

o

38.6
§1.0
43.0
435.0

Friedonic Acid:

Film
Length
{ome)

5.0
#3.0
35.0
3440
35.0
32.0
31.0
50 .0
29 .0
23,0
279
26.0
25.0
24.0
23.0
22.0
21,9
2040
19.0
18.0
17.0
14.0

$q» A°
por
»ol

113.0
113.5
91.5
89.0
86.5
83.8
8.1
78,5
759
T34
7o:+6
63;1

3

17«

On N/5 NaOH

Dyues
Dagrees per
Teraion OB

0.6 Q.2
13 (+ 93
73&9 29
3 ,& 2-5
11.4 3%
153 45
19.8 6e1
25.1 T7
3i.9 9.3
33.7 12,0
434 151
61.2 13.7
63,2 210
7549 2302
82.8 Z5e4
3.0 2846
104.2 32.1
11 5.6 35.6
12%.1 3.5
126.0 33.7
126.5 35.9
1270 39.0
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TARY 11

THE STHUIPIRY F PRYZDUORTS ADID



ISTRODEITICN

Oxidative degradation of friedelin has dests ﬁ«:ﬂ by Drake and
gw..ﬁw to produss friedonie aoid Euam.ﬁouv. & nonocbasie x_oa.o sgide
The oarboxyl group oab be saterified sasily, but no fusstional derivatives
of the garbonyl group have besn prepared; likewiass the methyl sater doos
not show the ordinary reastioms of the sarboayl group. The fast that
friedonic cewuld be reduced te an hyéroxy soid which spontanscusly loses
water to form a lastone ggwﬁo&v indisskes that & oarbdonyl group is
pressnt, 1t was the purpose &f this ressarch to obtain further evidense
of the presencs of the %&u group Eﬁ to determine its relation in
the wolesule to the sarboxyl group. | |

— :

1+ Drake snd Oampbell, Je Am. Chem Ses. 38, 1681, (1936)



21.

PISOUASION OF RESULTS

The friedelin used in this ressarch was cdtajined Crom gork by
extrastion with ethyl asstate, and was separated from oerin hy the 4if-
ference in solubility in ohloroferme? fhe resalting *frisdelin riche
Fraction was purified by resrystallization frem pyridine. It was found
that this msthod of purifisation gave pure friedelin after Cive Anzn%u»uws
11ssticns 4n a yield of 70% from the I'riedslin rich fraotion, Pyridine
was found t0 be a particularly geed solvemt for reorystallization begause
any residual brom resinous material preaseat in the friedelin rich fraaction
was remeved af'ter only one resrystalliszstion; furthersore, friedslin i
vory soluble in hot pyridine (beiling) and relatively tnsolubdble ia the
cold solutiom. This method of parification gave better yilelds of frie~
delin and reguired such lsss time and zaterial than the previocus augea»
involving conversion $¢ the bensdate or g&%w asetate and subseguent
suponifisation of the encl ewter prodased.

Priedelin was oxidiged by the methoed used by Drake and
Gempbell}; the method wes sltered, however, so that it could be used on
larger quantities of material. By this modifjed procedurse a yield of 48%g
purs frisdoantis asid was odbtained v!iw on the frisdelin oxidised. The
frindel ta resovered Crom ap oxidation was added n»wggww to the next
oxfdatfon aizxture.

Hany oxidations wers msde on pure friedelin to obtain esough
friedonie acid for at&»&iﬁeﬁ ..nwagg.iw? Tn one of these routine

preparations & produst was obiained whioh was resrystellised to a melting

2. Drake and Jaocbasen, J. An. Chem. $oo« 57, 1570, (193%) -



az.

point of 126+127°:. This substance, jsomeria with friedonic ssid, hed
boen ovtained bufore, but never in & large snough guantity for further
fnvestization. This jsomeris produst wus found to be unaflected by .02
§ sodium hydroxide in the cold, {ndisating it to be a lactons; 1t could
be aonverted Lo the sorresponding methyl ester by saponifying in sodium
methoxide and refluxing with methyl sulfate, and this methyl estsr was
found to be identioal with the cvme produced by a similar treataent of
friedonio anid, When frisdonia acid was allowed to atand at room tempere
atures in s0d fum sthoxide sclution for some time a very smzall guantity of
this same product melting at 126-127° sould de 1solated. Tt is prodadle
that this isomer of friedonic acid is an hydroxy lactone formed by intere
astion of the sarbonyl and ourboxyl groups. Msay examples of this type
of {nterastion ars known; the most familiar one ia the formation of Yo
valerolaotone from uvulinic aside?

dethyl Iriedonate, reported by Drake and ﬁramwaw»». WaS proe
pared from the srude asid frestion obtained from friedeldn by oxidation
wnd melted at ww?.»mnﬁ Gs When this preparation was duplicated an ester
was sbbtained from pure frisdonis aotd whioh melted at 157=153° and
analyses correspond to the formulae mwnm.mnaw a8 would be expeated. Bscause
of the facmerisation of frisdonic &3id in alkaline slocholic selution, it
L wag Uaosa»a:i. that friedonio mizht {somerize and then form a methyl
eater of the f{gomerio produst, sat preparation of aethyl Priedenate by
saoversl Jdifferent methods ylelded the same produst. The methods uasd
wepre troataent with sofium methoxide and mesthyl sulffate, with sodium
nethoxide and methyl iodide, and with diazomethane in dry ether« 1In the

3« Whitmore, Urganio Themistry {(New York: Van Nostrand, 1937)
Ppe 447,



29.

,%itt-r oase ud alkalil was present to oause jsomerigation. This apparent
4!‘#!‘%!&5? batwesn the methyl ester obiained im this rescarch and the
éﬂ& ebtained by Drake and Qmﬂphﬁlll any be due to isomorphisa Or stereoe
shemioal differcnces.

Priedonioc aoid has been redused ocatalytically with hydrogen
and Adams' platinum gatalyst to yield friedololapstone. Thia produst shows
no depression in melting point when mixed with the produst previcusly
desoribed by Drake and Oampbelll,

Friedonio acid was consluded to be o moncbasic keto agid on
the basis of its reduction to the gorrespondinz hydroxy aoid and subses
guent lactone formation. Although numerous attexpts were made to prepare
carbonyl derivatives of Criedonisc acid none wvere susocessful. Tt was
therefors gonsluded that either ﬁkﬁ carhonyl group 48 highly blooked or
there is interastion between the garboxyl and garboayl groups. Similarly
methyl friedcnate formed no carbenyl derivatives, even on treatment in a
senled tube.

Several compounds of this zenernl type hawe besn found to yield
pe funostional carbonyl derivatives, yet have been showm 10 contain &
sardonyl group eonjugated with a double bouds Some of thaac¢7égg§ unsatow
rateod ketones are yae#lia# in that they give no tetranitromethans test
for unsaturation and give no functicnal derjivatives of the sarboayl group.
To dosido detween these posaible struoctures the absorptien spootra of a
1% solution of friedonjo asid in oysichexane was dntovntaod.“

Pigure 1V shoss & plot of the data obtained Irom these

absorption studies o frisdcaio acids A aaximum of adsorptica (log = 1.55)

4« The author is indebted to Mr. P. As Jole of the Washington
Biophysical Institute for this adasorption speatra deta.
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18 spparent at 2900 A® wave length. Another maxizmum @ay ocour at 2300 A%,
but the e:xperimentel data in this range is not ascurate endugh to justify
any deof inite amalmimu. Yony aliayclio ketomt,w.ﬁiw samphor s o
notable umlu show in tha ﬂeimty of 2330 A% & sharsstéwistis maximum
etr Absorption (1»; n 1.5‘() due to the kcwpm t’m&ﬁ\tiam5 Howsver, when
;‘ double bond 1 conjugated with this aarhg’nyz 5:*%9 QM maxizum (log £ =
441) 1s hifted to the visiniby of 2900 A°% It 18 spparent from this date
that frisdonta acid is not an o(, Q unsaturated ketone, bﬁ“ﬁx‘?@ probably a
keto acid with a highly dlosked oarbdbenyl group.

- Shen friedonic acid wes heagted in a melting point oapillary
to aboat forty degrees above iu meltihg point, formation of bubbles in
the ;siaseus. mass was abunadg The evblution of gas be?&h ;cmh acre
ngaiﬁ a8 Wtwunﬁan was niud. ‘!a larger qmntity of friedonic asid
was than hna od in an atmoaphers of ultmgm until no doro babbles wepre
qvoim and tha Laa08 pr«iua:a wore ud threagh tubes ;ﬂnuming anhydrone
and umrzug in & sanaer aim&iw to mt sxployed in tke usual ?curbm and
hyd}%'u én‘mimﬁiem In ﬁiia mmr it was found tii:\:."mc mole of
friedonis scid ytelded sne aple ol ugur and 04,85 mole of oarbsn dioxide.
The product formed o‘ryﬂuluifi&&ﬁ'#zmnmi orystals, which gave a strong
tﬁéq;trmthmo test for unsaturation. Analysis of this pMuot oorres
sponds t& vmn“. and :0’ aga}i eall thu mbnma: awt‘r}eédem. . Prom
lts formala we mmlndo that 1% may have five rm@n apd cae douvly yond
or t‘w ring;u md tﬂ doudle bomdse g’? ‘ !

* ¢ ¥ en B Ke % 5

To deside betweon these two formulas, norfrisdelene was hydro-
LY Y « *

gonsted by means of platinua (Adams' catalyst) and hydrogen and yjelded a

S5+ Waters and Lowry, Phyasioal Aspsots of Organic Themistry
(New Yoriu Van Nostrand, 1937) pp. 398-399.
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friedonic scaid yielded a product of formula @wammeo. iscmerio with friedelin,
but differing from 1t in that it oontainas a highly resctive carbomyl group.
This now produst forzs an oxime and a 2.4 dinitro phenyl hRydrezons very
readily in good yields, and when mixed with tetranitromethane gives ne test
for unsaturations AaAlthough no Schiff's aldshyde test sould de obtained,

it 15 thouzht that this new substance is an aldebyde. This scnslusion

1s reached because of the sase of formatiom of oarbomyl derivatives and
the case of oxidation to the aerresponding aside The vourse of the reacte
jom by which this aldshyde is formed is prodadly similar te ths ons
involved in the produstion of aorfriedelens from friedonis aoid, that 8,
the O(methylene group of the aoid shloride, or ths sldehyde formed by
redustion, sendenses with the carbonyl oxygem and yields an o4, @ wnsstas
rated nldehyde which is saturated on further hydrogenation and yields a

uu&ﬁa sentaining the unit .&. ,nﬁ.wgﬁ.! showmy
& CooH

| coc| - mon;
/,,.Ouo i, N Q=0 T,f\ c — ¢C
_ | — | | — | ,
— _ — C ~-C _
\n,/ \n/ \D/ RN 7N \O/
C \n. cC
/N \ /N
CooH } o
N { {
CH— CH /ni — CH
| [ — |
—C O/fl.. |\.n.\/ \O.\.
/N7 c
AN /

The aldehyde formed by Rosensund reduction was oxjdized with

ohromic enhydride $n glactial sostic adid to an asid whose analyses cheok



PEOY oImopelsd wrIepetay

N\ /

\ /
w_r\d/ _ yﬂ. \u/ _
—V W —2 O
, \ _ _
') 9=7 WO H
ibOO\ N /U_\ N
\
0

CUMOLE SIMRORIAS Jo JTUR NG WIWIMOO 4w sJoJeseyy wilepeidg puv ‘deca¥
1Auoqawe pexvatq Aru¥iy v Wila picw ojex un(isde um sq jeve PIOw Olwopeldy
1 ratelane polesdiosul useq SBY wIRD Tvsuewisedee ewy JI
saplyes e U¥ oq 38um 4%
VG POPRISUCE VA 3T *SEOIP DOQAVE Jo JeQENT SuvS oyl puw swegv usPlve
OBy YRR PIOW U¥ o1 DPeRIPIXD ] PINOT WOIIONped pPUMNURel ey3 wodJ 3onpoad
STl onweteg sepurodmo omy eveyy we poo¥ Srquessysuce caem sesfywue
usBoapdy  *pouIvIqe eq PINOS Moy 3040 o4 §0¢ Jo Senyms wogdwe ATuo $Eeq JV
spoutsigoe g sentws wefospluy pus wogswe ergvgdotow BINOT Bqnl O3 Jo SUdJ
oyl Ul pere mses ewavos owew® weuigerd Aaeirivee uw weur Lywo (Rjsltvun
_weFodply pUe UoqIEO ¥ U] WANG 03 JTNOLIIIP Aiea ader BSCUNIUNS 083 ROyl

sgonse Tiyjen 93] 0% POJJGAUSD WA DPIOe PIYY ﬁw@&wﬁ.ﬁ dog LAresoyn Arare3

*ge



29.

Proparation and Purification of M¥sterials

The friedelin used in this research wes extrmoted from 20-40
mesh sork with sthyl acetate by the mothod dessribed by Drake and Jacobsen.2
The oruds ceria and friedelin wus separated by orystallization from ghlorce
form aa previously amuan»w&u sad & *friedelin rich fraction weas obtained,

Puriffcation of Friedslin Rioh Frestjon. The friedelin rich

frastion from ghloroform separation {38.3 gms.), melting at 249-255%, was
erystailized five times from 4% mle of pyridine to a wmelting peint of
257-263° and gave a yiold of 26.3 gme. (70%) of friedelin. analysis of

the produst sonfirmed {is purity.

xidation of FPriedel} Priedelin was oxidized using shromie
asid as desorived by Drake snd gfww.u.. but thelir presedure was modie
fisd for use with larger guantities of material. Friedelin {24 gus.) of
Be Pu = M.mqnfmauw was suspoaded in 2000 =1, of wﬁ,,nu ing glacial acetis

acid in & 3 liter flask previded with an interchangeable ground glasse
Joint for sttashing s oondenser. Jhromio anhydride (12 g« dissclved in
260 ml. of glaoial =noetic acoild was added dropwise Lo the suspession through
the condenser over a pericd of one and one-hall houras. The mixture was
then refluxed for 8 1/2 houre more. At the end af this time the glaocial
acetic aoid was diatilied off to a volume of 200 al. and 2000 ml. of water
weas sdded to the boiling solutioms The bot solution was flltered, the
solid washed thoroughly with water and dried over potassium hydrexide to
a sonstant weight, Yield = 24.5 zms. of lizght green solid. This solid
was pulverized and shaken thorsughly with 800 al. of sold ethyl ether.

The residusl precipitate of friesdelin was filtered on a Buchuer funnel,
washed with oaold ether, dried, and added directly, without purifioation,
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to the next oxidation mixtare. Yield = 8,0 gms. of recovered frisdel in.
The ether selution was extrascted repeatedly with 107 sodjum hydreoxide
solation until no more sodjum salt precipitated im the aguscus layer.
The pregipitated sodium salt was returaed to the separatory Tunnel and
washed twice with ether. The resulting mixture wes a&#ﬂﬁ?@uﬁ. the
upper sther layer removed, and the lower ajusous sodium hydroxide layer -
sontmining most of the green color poured off. The resuiting sodlaa galt
was sdded to a separatory funnel and asidifisd with sona. hydrochloris
asids After oocling this mixture it was extracted tweice with cold ethyl
othey and the sther was ovaporated to & thisk gum which was then dissolved
ia 95 ethyl aleochel (25 ao.), seeded with a few orystals of friedonic soid,
and socled overaight. The resultiang orystalline mass was filtered and
washed with cold sthyl alcchole Yield of orude friedonie acid = 7.3 zms.
e s = 196~1989,. Recrystallisation of this produst from ethyl alsshol
yielded 6.0 gas. of friedonie wsid melting at 205+207% The goadined
sther sxtracts were waphed with water antil free from sodium hydroxide,
whereupon the ether was resoved to dryness. The sclid rosidus wes diluted
with ethyl alcchel and f{ltered. The crystals were alnost pure friedelin.
Yield of friedelin = 3.5 guas. This friedelin was added directly to the
fext oxidation mixtuare.

Total friedelin resovered = 1l.5 gus.

Friedelin oxidized = 125 gms.

Yield of frisdonic asid = 6.0 gase (43%)
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Nothod IT. Cues zram of friedoaie smotd (M. Ps = 205-207°) was
disaclved in %0 ml. of mathyl alschol containing 0.1 gm. of dissclved
sodiume Nothyl fodide (S mls) was added and the mixture was relluxed
tares hours, about twoethirds of the solvent wes evaporated, and the
residae poured fnto waters This aixture was extrsocted with ether. The
ether laysr wan washed with sedium bisuifite solution and then twine with
waters The ether was removed to dryness and 0.32 gms. of seclid produged
was resrystsllized Frowm methyl alschol to a melting point of 157-1539,

A mized melting peint of this produst with the product obtainsd wsing
dimethyl sulfate showed no depression.

Hethod YYte HNitroso methyl area was prepared by tho dirsctions
Ziven m-mw &yrmhmnl‘ and then diazomethane was prepered from this
predust by warzisg with 0% potassium hyé&mxida.m Priedonic actd (1 gm.)
was dissclyed in absolute sthyl ether snd & zolation of disgomethane in
other was sdded until the yellow solor remained in the fricdonis acid
solutions The ether uﬁ, exsess diasomethane were eveporated on & steam
bath §n the hoode The zelid residue was rmrymaunﬁ from methyl alschel
to yield 2.98 gus. of a produst of melting point 157-153°% 'This product
shewed no depreasion in melting point wshen mixed with the methyl friedonate
previcasly prepared.

Reduotion of Friedonio jscids Friedoniv ecid (0.5 Eme) of ls Po
= 205-207% and 0.5 zme of Adun's pletinum oatalyst were mixed with 13 ml.
of glaoial acetic acids, Thias ‘ﬁiixtué:e was sheken and hydrogen was eadded teo

b o e
the system. ifter making,\im hears the reguired asount of hydrogen was
taken up. Fﬂ?‘;m;ya m f‘:Lﬁg‘M off and the resultiay solutien was

1le« g+ R Noller, Organic Syntheses (New Yorks Joba Viley and
gons, 1?3,5) Yol. XV, b h}aﬁ

12. 7Thid Vole XVs Do 3»
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diluted with aater (100 ml.). The Jolly-like presipitate was filtered,
drisd, and recrystallised from ethyl acetate to a seltin; point of 303%

312% fThia prodast showod ne degpression in melting poiat when mixed with
' 3

Priedolelssteons previously obbained e
Mﬁ. Friedonste from Hydroxyfrisdonclastone. One gram of

WA“

hydrox; Crisdencisnctons (Me Pe » 126-127%) was treated with sodium zethoxide

ALY

and dimethyl sulfate in the sane manaer as friedonic asid above, mnd yivlded
s profuact, which after several reorystalliszations Irew methyl alochel
molted at 157«158% 1 =ixed meltimg pofat with sethyl friedonate prepared
frow pare friesdonis acid shoved no depression.

Borfriedolens. Friedonic asid (2.93 4.) was heated in an atmoge

phere of altrojen for twe and ¢ne-halfl hours at 25°. The wetsr and carbea
diozide evolwed were collavted and aeigbed in absorption tubss. The wmelt
was cocled and the solid material cbtained was rusrystallized three tiwes
from an ethyl acetate~bensene aixture to a sonstmat welting point of 228, 5
230° The produst, of which 1.82 g. were obtained, gave a yollow sclor
with tetranitronethane showiag the presencs of mttﬁmt:an;

Anal. Cale'd for CogHpss Cs 874795 He 12+2le Pounds o 8775,
87494 H, 12.23, 12:26. | | |

ﬁcitr;wﬁulw e. Oneshall graa of nnﬂ:ﬂﬁﬁlea«u u‘mﬁ dissolved in
50 ml. of ethyl ether-ethyl atetate mixture and 0.1 gm. of sdems® platinam
oxide catalyst was sddied. The mixture was agitated and hydrogen was added
at room tesperature for five hourss After evaporation of the avlvent the
s0lié obtained was recrystallized from benzens Lo a constant meltiag point
of 220«221% This procedure yielded O.44 gm. of produst which gave ne
yellow color with tetranitromethane., A aixed selting point with norfriee

delens ghowed the normal depressions
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%ﬂ Oale*d for ﬂ&ﬁ%u e 837.36; H, 12.65. pwounds 2, 8741,
@wﬁigc Hye 12477 wﬁaﬁwo

Eorfriedonic Asid. Two grasms of powderad ncrfrisdelene, three
granms of powdered potassium persasgamsate, and 120 al. of glaoial scetis
aoid, previocusly distilled (rem shromis anhydride, were atirred vigorously
for ajght hours at rpoom temperatures. Pive gramg of sedium Liszulfite were
addod and thse mixture mw»n%& with 400 al., of waters The a0id was extracted
with ether asnd ‘ sod jum salt g sfddition of 10% sodium hydroxide-

A‘y««n\%% g AOTE LA M L

igﬁauwmam&. soparated, and wa»ﬁ:a with hydeoshlopris aside After
several orystallisations from sthyl alochol 0.75 gme of a0id melting at
215-217° was obtained. The residues from orystasllisations sontalvsd 0.95
gie of amorphous materiasl which sould mot be indused €o orystellize.

Anal. “alo'd for Q»ﬂm&ﬁm.w“ e 78.31; H, 10.89, %ngmwwu e
atgs ﬂﬁoﬁﬂu 49 ﬂwiﬁwa Hﬂtﬁwi

w1l Horfried L8

Mathod i Herfriedonia asid (0.15 g».) was dissolved in 15 al.
of methyl aloohol comntaining O« zme of dissolved scdium. One mls of di-
wethyl sulfate was added apl the mixturs relluxed ene and cae-half hours.
APter cooling, the an%naﬁw»aa swm,u_i filtered and washed g&.w 1».3
water. Several recrystallisations from amethyl alochol ylelded a wn?ﬁg
aelting st 166-167%

Asal. Calo'd for CggHgyO3 @y 73.585 H, 11.00. Peundld; o,
78452, 78+63: H, 10.87, 10.94+ Theory asethoxyls 6.78. Pound®; 6.37,
6478+ Theory Me Wes 458+ M. We found Crom methoxyls 452, §58.

Hethod 111 Norfriedonic acid (0.5 gm) was dissolved in absclute

13+ THe duthor wishes to thank Lecsnard 2mith for these analyses« -
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Lrom bensens 36 uag; of mm am}a muu; vwh &quositim

7 A A ? e A g t. @ ¢ ., /".‘s’ﬁi(,
at 31?‘-»33.&-“ W abmm. ‘ “ “""; - e S o 1
T e WL ool e
Ansl. mit'ﬁ !' W 5ﬁnﬁlb@‘! ﬁ't Tie26; R, 8+97. Pounds o,
Tiqlsi 71&213 He &-M, 8.35. QQ 0‘3’\0%}. ;\f:&f

5@!‘ ried

» d1ssclved 1n D mle of glaotal wootis said at 100° ond, o 30la-

tion of 60 mg. of ahromie anhydride dissolved fn 30 ml. of esetis acid
W. The aixture was then svaperated te 20 ml. total voluwe and
diluted with 50 ml. of water. The srystals forsed were filtered ) - érinc’

Ol
Thecseltd=was dissclved in Qt.har)m sxtrasted twise with 10¥ sodium
hydroxide solution. The aguecus layer was centrifuzed and acidfffed with
hydreshierieo acide *!rhn mlﬂ i‘u—m s rnuma M mus \—(

glacial asetis mu‘mw an mm mlae_d, at ﬁ?uso& .

- ‘Anal. Cals'd for {:yn’% Ts 81437 He 1i039. Found; 0,
30490, 31.10; He 11a40, 12e46.
ltwfriudalwx formjo asid
{m g.} m ﬂumm iu m uz. o Wk ama emia:q 0.05 gme of

M“alm sod{nm. One ui. of dimsthyl mtlfuu was m The mixture
wan roflaxed ope-half hour m wry'tah formed Crom the beiling mixture.
The conled mixtare was rn»m.. m eryatals were drina,' and regrystallisged
from a sizture of pyridine and methyl aloobhol. ?wmt-y*nu nge of mehyl
ester melting &t 230+231.5° was cbtained.

Apals Cslo’d for 33135"&&2’ e 8le51; H, 11059, Pounds o,
83e15: He 11.47»
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BUBMARY

An fsomer of friedeaic soid, hydresyfriedcaclactons, has besa

| inlnm and its conversion te methyl friedonate has besn desoribed.

Pyrolysia of frisdenic snid hae boen sghown to0 result in the production

af an ansaturated hydrocarvvn, anorfrielelans, whish hes heen hydre~

W&ﬁ to norfrieiclanes

Oxidation of porfriedelens was found to yield nerfrisionis acid, a
monshas ic keto asidsl Carbonyl and garboxyl derivatives have been
nade .

fedustion of Prisdenyl chloride has been shomm te¢ result ia the

formation of an mwa;‘ 1somerie with friedslin. The aldehyds has

been oxidized Lo the gorresponding acid.

Priedonio ssid 1s spparestly an epsilen kets aoid containing s highly

blooked sarbonyl groupe
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