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Absbrct-Fricdclin g~vcs 4z-bromofrialelin on treatment with N-bromosuccinimidc. 2x-Bromo- 
friedelm. 4z-bromofricdclin and fricdclane arc preferentially oxidkd to the corrcspnding .I’.- 
olefins. 

A STUDY of the bromination products of the pentacyclic tritcrpenoid ketone, friedelin 
(I), proved extrcmcly valuable not only in revealing the structural detail of the 
terminal ring A but also in establishing the absolute configuration. Corey and 
UrsprungL showed that direct monobromination of fricdclin gave 22 (axial)-bromo- 
friedelin (II) and that the isomeric 4a (axial)-bromofriedelin (II I) could bc obtained by 
bromination of the appropriate cnol bcnzoatc. A more complex situation exists with 
regard to the preparation of the dibromoketones. A dibromofricdelin prepared in 
chloroform solution in the presence of hydrogen bromide showed an ultraviolet 
absorption maximum at 332 rnp, indicative of both bromine atoms having axial 
conformations, and has accordingly been regarded” as 2x:4x-dibromofriedelin (IV). 
A second dibromofriedclin, dcscribcd by Djcrassi and coworker9, and prepared by 
bromination of 2x-bromofriedelin in acetic acid, showed an ultraviolet absorption 
(310.5 rnp) indicative of one axial z-bromine atom and has been formulated as 22:4/I- 
dibromofricdclin (V), in agrecmcnt with rotatory dispersion data. A third isomer 
prepared by Takahashi and Ourisson’ by dibromination of fricdelin in chloroform- 
acetic acid shows an absorption inflection at 320 rnp. No structure has been assigned 
to this dibromoketone or an unstable tribromoketone also described by these workers. 
On experiencing difficulties in obtaining reproducible results by direct bromination of 
fricdelin, we sought alternative methods and have examined the action of N-bromo- 
succinimidc on fricdclin and derivatives. 

Treatment of fricdclin (I) in carbon tctrachloride solution with a molar equivalent 
of N-bromosuccinimide gave, in excellent yield, 4z-bromofricdelin (III). Since 
2x-bromofriedelin is isolated on direct bromination of fricdclin this forms a marked 
contrast with the behavior of the 3-ketosteroids whcrc. in both the cholestanc and 
coprostane series, the same monobromination products are isolated by either 
procedure.6 By trcatmcnt of 4a-bromofricdelin (III) with bromine in acetic acid 
solution, isomcrization rather than further substitution occurred, and Za-bromo- 
fricdclin (II) was isolated. As anticipated from this result, the 4z-bromoketone 

’ Part IV: R. S~cvcnwn. 1. Org. Chrm. 16, 2142 (1961). 
’ Is. J. Corey md J. J. IJnprung. /. Amcl. Chrm. Ser. 7’8, 5lMl (1956). 
* <‘. D)erassi. 1. Osicckt. R. Rlnlker and B. Rinikcr. /. Amer. Chem. Sot. 80, 1216 (19%). 
“I-. Takaharhl and G. Ourwon. Bull. Sot. Chum. Fri. 353 (IY56). 
‘C. Djcraui and C. R. Scholr. fipcrlrntiu 3, 107 (1947). 
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([a]r, I 92’) is unstable in chloroform containing hydrogen bromide at room 
temperature, the presumed equilibrium mixture ([z],, ca. 75’) being formed after 
24 hr. Similar equilibration of Zz-bromofriedelin gave the same result. 

IY Y WI YIII 

Since this route for obtaining a dibromofriedelin was unsuccessful, the alternative 
method of treating 2x-bromofriedclin (II) with S-bromosuccinimidc was examined. 
The isolated product was an unsaturated monobromo ketone, C,,H,,OBr, the 
presence of an cthylcnic function being indicated by a positive tetranitromethane test. 
Examination of the ultraviolet and infrared spectra of this ketone showed the double 
bond was nor conjugated to the carbonyl group and that the x-bromine atom retained 
an axial conformation. In view of the marked propensity of certain fricdclin 

derivatives to undergo molecular rearrangement the most notable example of which 

is probably the acid isomcrization of fried&3-ene (VI) to the mixture ofolean-I 3 : 18-cne 
(VII) and I8st-olcan-12-ene (VI11)6~~-- it was considered that this non-conjugated 
bromokctonc had probably arisen by a molecular rearrangement of a 2x:4-dibromo- 
kctonc intermediate (or derived radical or cation) with elimination of hydrogen 
bromide. A precedent for such a postulated rearrangement is provided by the action 
of silver acetate on 4z-bromofricdclin (III) to yield a product? which was shown” to be 
a mixture of the non-conjugated ketones, alnus-5-cnonc (IX, R H) and alnus-5( IO)- 

enonc (X, R H). An interesting molecular rearrangement involving an I :2-alkyl 
group shift under normal N-bromosuccinimidcreaction conditions has been describcd.g 

The possibility that the unsaturated bromokctonc, C,,H,,OBr dcrivcd from II 

could be rcprcscntcd as a 2-hromoalnuscnone (IX, R Br or X, R - Hr) was 

* G. Brownlie. F. S. Sprmp. W. Srcvcnson and W. S. Srrachan. /. Chcm. Ser. 2419 (1956). 
’ <i. Brownhe. M. H. E. F’aycr. I-‘. S. Spring. K. Stcvcnson and W. S. Slrachrn. J. (‘hem. SW. 1377 (1956). 
a J. %I. Hcaron. I:. S. Sprmg. R. Swvcnson and J I.. Stewart. Tctrohrdron 2. 246 (1958). 
* R. A. Barnes and G. R. Buck%dter. J. Amer. Chrm. SOC. 73, 38% (1951) have shown that lrcolmenl 

ol 1.1.6-tr~mc1hyl- 1.2~dlhydronaphthalenc (A) wlh N-bromosuccimmidc gave an allybc bromdc which 
was aromallxd IO 1.2.6~lr~mcrhylnrphthalcnc (B) elrhcr by wlvcr ton or heat (Icmpcrarurc of rcflunmg 
carbon wtrachlordc). 

(A) (B) 



I’rwicl~n and related compounds-V 225 

excluded, however, when it was established that the product C&H,& obtained by zinc 
debromination in neutral solution differed from either alnusenone (IX, R = H and X, 
R -. H). 

When 4a-bromofriedelin (III) was treated with N-bromosuccinimide under 
conditions identical to those which the Zr-bromokctonc (II) had been subjected, there 
was obtained a second isomeric non-conjugated axial bromosubstitutcd kctonc, 
C,,H&Br which yielded, howcvcr, the same dcbromination product, C,,,H,,O. 

Since WC regard this ketone, from the cvidcnce described later, as having the constitu- 
tion, fried&IS-en-3-one (XIII). the isomcric bromokctoncs obtained from II and III 
by the action of N-bromosuccinimidc are assigned the structures, 2z-bromofricdcl-l8- 
cn-3-one (XI) and 4x-bromofricdcl-I&en-3-one (XII) rcspcctivcly. It was established, 

furthermore, that the debromination of XI and XII to XIII had proceeded in the 
expected manner since ketone (XIII) regenerated the 4z-bromokctonc (XII) on 
trcatmcnt with N-bromosuccinimidc. 

Reduction of the ketone (XIII) with lithium aluminum hydride gave in high yield 
an alcohol (XIV, R H), further character&d as its acetate (XIV, R -2 AC) and 
reduction by the Huang-Minlon method gave the unsaturated hydrocarbon (XV). 
Comparison of the specific rotation values (see Table I) of the unsaturated ketones, 
produced by N-bromosuccinimide oxidation (and their derivatives) and the fried&n 
analogues shows such close correspondence as to suggest strongly that the former in 
fact possess a fricdelane skeleton and not that of a rearranged skeleton. This 
conclusion is further supported by a comparison of the previously reported optical 
rotatory dispersion curve9 of 1. II and III (in dioxane solution) with their respective 
analogues XIII, XI and XII which agree well in the sign of the Cotton effect and the 
wavelength locations of peaks and troughs (see experimental). 

Whereas the action of N-bromosuccinimide on the ketones (II) and (III) would be 
expected a priori to yield products which are dibromofriedelins, a@insaturated 
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ketones or rearranged non-conjugated ketones. the circumstantial evidence provided 
by the rotation data indicate that the products arc cthylcnic non-conjugated fricdclins 

and hence that attack has proceeded at a site not activated by rhc carbonyl group. In 
seeking chemical support for this conclusion, the action of N-bromosuccinimide on 

the saturated hydrocarbon, friedclanc (XVI). was examined and from the reaction 

mixture the unsaturated hydrocarbon (XV). identical in all rcspccts with that prepared 
by Huang-MinIon reduction of the ketone (XIII). was Isolated. It rcmaincd. 

consequently to locate the site of the double bond introduced by the N-bromo- 

succinimide oxidation. 
‘I’ARI.1 I 

-_ -.. .___~ 

[Xl,l 

2x-Dromokcronc (XI) 139 ‘J 130 n 2x-Bromofrlcdcl~n (II) 
4z-Bromokctone (XI I) x7 = . Y? *’ lx-AromofrwxMm (III) 
Ketone (XIII) 28 * 22 o f~raklin (I) 

.Alcohol (XIV. R 10 25 * - 22 * f~rx&l;rn-3;~-ol 

Acerare (XIV. R AC) 30 a - 3.8 D I:rrc&lan-3;1-ol xcl~tc 

Itydrtrarbm (XV) . 17’ 22” Fricdclanc (XVI) 
__.--.. _- 

D Valuer rcporfctl in cxpcrimcnlal A Valuc~ rcporrcd in ref. h. 

The unsaturated hydrocarbon (XV) resisted catalytic hydrogenation but yielded an 
oxide, C,,H&, on treatment with pcrhcnroic acid. indicating that the double bond 
has a degree of steric hindrance comparable to the .112-trisubstituted cthylcnic 

linkage in the /I-amyrin series. lo The terminal ultraviolet absorption of compounds 

(XIII), (XIV, R H) and (XV) indicate that the double bond is tri-substituted.” 

although no bands in the infrared spectra wcrc sufficiently distinct to be unequivocally 
assigned to this system.‘? The resistance (0 hydrogenation of XV further suggests that 

the cthylcnic system is not disubstituted. and the friedelanc skeleton does not permit the 
existence of a tetrasubstitutcd double bond. In addition. the nuclear magnetic 

resonance spectrumI of the ketone (XIII) run in dcutcrochloroform solution with 

tctramethylsilane as an internal reference at 60 mc frequency showed a singlet signal 

at 300 cps attributable to an oletinic proton not conjugated with the carbonyl group. 

The location of the double bond introduced by the action of N-bromosuccinimidc 
on bromoketoncs (II) and (111) and hydrocarbon (XVI) is consequently restricted to 

position l(lO), 7 or 18. Th c exclusion of positions I( IO) and 7 was eHcctcd by 

examining the dchydrobromination of XII hith silver acetate in the manner previously 

employed for the transformation III 9 IX - X. Under these conditions. there was 
isolated a dehydrobrominated product. C, jl&. bvhich showed no high intensity 

ultraviolet absorption above 220 mp. Since there is no conjugation of carbonyl or 

cthylcnic functions in this dienonc product, the original double bond could not have 

been located in ring A or B. 
Although there has been much work on synthetic applications ofallylic bromination 

loo 1.. Ruzicka. H. W. Iluyxr. x1. Ffc~ffcr and <‘. F. Scidcl. f.rrhrgr Ann. 471. 21 (1929). 
b L. Rwrcka. II. S~lbcrmnnn and %I. Furler. Ilclr~. Chum. Arrr, IS. 482 (1932). 

‘I4 T. Ci. Halwll. Clrm. & Id. 867 (1951 t. 
’ P. Bladon. Ii. H. Ilcnbcsi and <i. W. Wood, J. Chrm. SW. 2737 (1952). 

‘* A. R. H. Cok and I). W. Thornlon. 1. Chrm. SOC-. 1322 (19571 have nolcd vcr) low <’ (1 scrcMllng 
lnlcnsiry in .I “-unsalurarcd pcnhrychc trmxpznoids. 

‘* WC are tndcbtcd 10 Dr. Leroy Johwon (Varlan Associater) for this deuxrnlnalmn. 
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have been forwarded,” comparatively little is known with 
N-bromosuccinimide on saturated systems. It has been 

cstablishcd that cyclohexane16J6 and cycloheptane”’ yield the cycloalkyl bromide with 
N-bromosuccinimide under certain conditions and that decalin gives a tctrabromo- 
octahydronaphthalcnc’: which can also bc obtained from the probable intermediate 
9. ICLoctalin. Cason and coworkers In have also drawn attention to the fact that 
N-bromosuccinimidc is not a reagent of general utility for the z-bromination of 
saturated cstcrs due to selcctivc attack on tertiary hydrogen atoms at other sites in the 
Illoleclflc. 

CM, CH. 
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.a \ 

i 
._ \ .’ -. 

.., ’ 
j . , * **. 

i 
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~. CH. 

XVIL XYIII 

The cxpcrimcnts described in this work establish that in friedelin, the tertiary axial 
x-hydrogen atom at position 4 is more rcactivc towards N-bromosuccinimide than the 
secondary hydrogen atoms at position 2, but that the presence of a 2x-bromine atom 
cffcctively prcvcnts abstraction of the 4z-hydrogen atom by its I :3-diaxial blocking 
cffcct to the approach of a succinimide radical. In abscncc of the activating C-3 
carhonyl group or whcrc thcrc is deactivation due to the stcric influence of the 
neighboring axial halogen, the most reactive hydrogen is the tertiary C-IX atom. An 
examination of an all-chair form (XVII) of friedelanc shows that, as a conscquencc of 
the c.is-junction of rings D and E. a scvcrc stcric interaction must exist between the I3r- 
and 20x-methyl groups. Whereas this interference is removed if the terminal ring E 
adopts a boat conformation (XVIII).1o an unfavorable I :4-diaxial “boat prow-and- 
stern” methyl interaction is a consequence. The stcric strain inherent in both 
conformations of this cis D/E system is rclicvcd by dissociation of the l&%hydrogcn 
atom and formation of the cthylcnic trigonal system. The driving force for the 
backbone rcarrangcmcnt”” of friedelcnc (VI) to the olcancncs (VII) and (VIII) can bc 
attributed also to the same steric interactions. 

1IXPEKIhlENTAL:’ 

4z-Llmncc)/rlede/in (III). N-Bromosuccinimldc ( I50 mg) was added to a solurron of frredclln 

(2% mg) In carbon tcfrxhloridt (70 ems) and the rnwurc heated under rcflux by means of infrared 
lamp. Afrcr ahour I2 mm an orange color appeared. folloucd by dccolorwation over 30 us After a 

” II. J. Daubcn. Jr. and L. L. McCoy. J Amrr. C’hrm. Sot-. 81, 4863 (lY<Y) wrbc) rc(tc~ton vrrlablc\ in 
terms of mcchamsm and give lcadmg rcfcrcnc?s IO prcwous uork 

Ii M. C. f:ord and W. A. Waters. J. C‘hcm. Sor 2240 (IY52). 
” Ng Ph. Ruu-Hot and P. Ikmcrxman. 1. Or8 Chrm 18. h4Y (IY5.3) 
” R. A. Barnes. J. Amer. (‘hem. Sue. 70, 145 (1948). 
I’ J (‘ason. h‘. L. Allmgcr and I). t. Willlams. J. 01x. (‘hem. 18. 841 (lY5.31. 
” C’. f)prassl. J. 0svxkt and W. Closson. /. Amer. Chrm. Sot-. 81. 45R7 (IPSY) 
:* W. Imlrd. F. S. Spring and R. Stcvcnson. 1. Amer. C&m. Sot. 82, 4108 (1960). 
rl All mclrlng points wrc determlncd on a Ciallcnkamp mcltmg point apparatus. Enlcss olhcrwlsc noted. 

rota11ons were mcasurcd In chloroform solution The mlcroanalyscs were dctcrmmed by Schwarzkopf 
Microanalyllcrl Laboratory (Woods~dc. N.Y.). 
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reaction Iimc of 30 mm. the mixture was cooled. filIercd and the solvent removed. The residue was 
recrysIallizcd twice from chloroform~mcthanol IO give 4.z-bromofricdelin as nccdlcs (1 IO rng). m.p. 
198-199”. [z]u i 92 (c. 1.3). ~~“~‘1 17lOcm-‘. i.CAr’ 1 308.5 m/r. Lit.’ m.p. lY6.197’. [& t 90.5’. 

2x-Bromofiieddin (II). (a) A saturared solution (2 drops) of hydrogen hromtdc m chloroform was 
added to a solution of fricdelin (I.53 g) in chloroform (50 cma). followed by a solution of bromine 
(0.658 g) in chloroform (I 5 cm*). The bromine color faded almost immediately to pale yellow which 
persisted afrer stirring for IS mm, when the solvents were removed under reduced pressure. Cryscal- 
lization of he residue from chloroform-methanol ga\c nccdks, m.p. 206 207 , [r]” II7 which 
after IWO furlher rccysIallizaIions gave 2%.hromofrlcdchn (751 mg), as color& needles, m.p. 214 
(dcc.).[~]~ -.lbo’(c, 1.1). ~(“~(“3 17lOcm l, j?nc’a 310 m/r. LIt.*m p 210 .[z]I, I40 

(b) A solution of brommc (34 mg) In acelic acid (10 cma) was added dropwlsc over 20 mm IO a 
soluclon of 4x-bromofriedclm (100 mg) In cIhcr (30 cm’) and acTtic acid (50 cm’). The residue. after 
removal of solvents under reduced pressure. uas crystalhzcd twice from chloroform-methanol IO give 
the 2z-bromokctonc (25 mg). m p and mlxcd m.p. 216 216.5’. Ix),, I40 , i~““‘~ 310 m/r. 

Attempted bromination of the 4x-bromokctonc in carbon termchloride solution In the abscncc or 
presence of calcium carbonate ylcldcd only unchanged sIarting maIcrial. The specific roration of the 
Iz-bromokctonc in chloroform solution conraining hydrogen bromide changed on standmg from 
. yo” to ‘. 8’(5 min). : 0’ (I hr). I I (2 hr). 71 (I4 hr)and 78 (24 hr). The specific rotation of 

Zz-bromokcIone in chloroform saturated with hydrogen chloride changed to 74 ’ after 24 hr. 
2*-&omo/rie~e/-l8-en-3-onf. (Xl). S-Bromosuccinimtdc (43 mg) was added to a solution of 

Zz-bromofricdclm (100 mg) In carbon Ierrachloridc (70 cm’). the mixture rcfluxcd for 30 min wIIh an 
infrared lamp and worked up In the usual way. CrysIalliration of the product from chloroform- 
methanol gave 2z-hromo/rlede/-I 8-en-3-one as small ncydlcs (32 mg). m.p. 207 208 (dec ). [z]” I39 
(c, 2.0). PC’3 1710 cm ‘. i.“““‘r 31 I m/r. UlIravIolct end ahsorpiion. c 750 (220 m/c). IWO (215 m/r). 
4350 (210 m/r). 1. (-1 3.45. 3.30. 5.84. 7.22, 740, 8.25. 8~45.8~49. X 93.9.X3. lOGO. 10.20. 10.92, I I.64 ,r. 
It gives a yellow color with terran~tromcrhane in chloroform soluIion. 

(Found: C. 71.42: H. 9.48; Br. 16.35. Calc. for C,,il,#Br: C, 71.55; H, 9.41; Br. 15,87”,). 
R.D. in dioxanc (c. 0 053): [zlToO 34’. [z],.~ 117 . [zlw - 3370 , [xl,,. - 3717’. [zluO : 2620 

~rie~e/-lR-e~-3-n~(XIII). i!mc dust (I3 g) was added portionwiv over I hr to a rcfluxingsolution 
of 2z-bromofriedcl-I&en-3-one (365 mg) in bcnzcne+!thanol (I : I. I50 cm’). AfIcr a further rcflux 
period of 2 hr. the hot solution was filtered and Ihc solvents removed under reduced pressure. The 
residue was extracted with chloroform, Ihc extract washed with water. dried (tGa,SO,) and evaporated 
IO give the producI which was crystalli& from chloroform-methanol IO gl~e/rieCI-IX-en-3-one as 
needles. m.p. 266 26Y’, vat. m.p 280-282 , [zlu 28 (c. 2.0s) ~~“~‘8 1706 cm ‘, i.“aC’* 290 m/r 
(mflcxlon). ?‘“a 3.45, 3.50. 5.85. 7.22, 7 27, 7 40. 8 22, 8.37, 9.05. 9.33. 9.83. lO,Y3. I I.65 ~4. II gives a 
yellow color with tctranttromcthane in chloroform solution. 

(Found: C. 84.58; Il. 11.19. Calc. for C,,H,,O: C. X4.84; 11. II 3Y”J. 
R.D. in dioxanc (c. 0.052): [x1:00 . 46’. [z],,, I 0 . [xh,, 1610 , (zl,,, . 1490 . Iz],,~ - 954 

Friedel-ISen-3/J-o/ (XIV. R 11) A solurlon of fricdel-l&en-3-one (300 mg) in anhydrous ether 
(I 50 cma) was relluxcd with lithium aluminum hydride (250 mg). the product isolarcd In the usual way 
and crysrallizcd from chloroform-methanol to give needles. m.p. 273-275 Rccrystalhcation from 
chlorofomn<thyl acetate yielded /riedeI-1%en-3fi-o/ as needles. m.p. 277 27Y’. [z]” . 25 (c, 1.2). 
Ultraviolcr end absorption, c 590 (220 m/r). 1420 (215 mjr). 3520 (210 mlr). ~~a”~ 3 45. 3.50. 6.86. 
7.26, 7.36, 9 85, 10.10. 10.34. 1090. I I.64 14, It gives a yellow color with tctranitromcthanc In 
chloroform. 

(Found: C, 83.88; H, 11.72. Calc. for C,,H,,O: C. 8444: H. I I.81 9,). 
f~iiedel-l8-en-3~-~Iocerore(XIV, R AC). Treatment of the alcohol (SO mg) with accIic anhydridc 

(2 cm’) in pyridinc (I cm’) at 100’ for I hr and working up in the usual way gave a solid, which was 
crystallilcd from chloroform methanol IO gi~cjriede/-l~-en-3;I-~/arerure as nccdla (32 mg). m.p. 28l- 
282”, [& ‘1 30 (c. 1.34). PJ* 344. 3.50. 5.77, 7 22, 7 30. 7.38. 8.07. 8.22. R+O. Y xs. IO 26. I I.66 ,‘. 
It gives a yellow color with Ictranitromcthanc in chloroform. 

(Found: C. 81%; 11. 11.18. Calc. for C,,II,,O,: c’. 82.63; It. ll~3X”,). 
hiedel-IX-me (XV) Potassium hydroxtdc (I ,7 g) and hydraline hydrate (YY-IO0 “0. 2 cm’) wcrc 

ad&l IO a suspension of fricdcl-IX-en-3-one (I70 mg) rn dicthylenc glycol (I7 cm% the mixture 
rcfluxed for I hr, the Icmperaturc raised IO 210 by concentration of the solution, and rcfluxing 
continued for a further 5 hr. After coolrng the mlxturc was poured into water (SO cm*). extracted wiIh 
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chloroform (3 r. 5Ocm’). and Ihc extract washed with water and dried tNa&O,). Removal of Ihc 
u,lvcnI gave a solid (80 mg) which after several rccrystalluaIions from chloroform-methanol or 
chloroform ethyl aatate gave frieuWl8-•nc as needles. m.p. 242..244 , [xlr, - 17’ fc, I ,6). i.“‘x 3.45, 
350. 7.22. 7.27. 7.43. X.35. 9.19. 9.32, 9.52, 9.82, IO 05. 10.22, 1090. 11.63. 14.20 14. Ultraviolet end 
absorprion. c 670 (220 m/r). 2140 (215 m/c). 4ORo (210 m/r). II gives a yellow color with IeIraniIro- 
methane in chloroform. 

(Found: C, 87.97; H. 1199. Calc. for CSoH,,: C, X7.73: H, I2 27?,;). 
The hydrocarbon was recovered unchanged from altcmptcd hydrogenation with plarinum oxide in 

cyclohcxanc.aczIic acid a1 atmospheric and 39 Ibs/in* prcssurc and from treatmen with osmium 
IcIroxidc in cIhcr-pyridinc solution. 

IX:: 19E-Epox,~kde/ane. A chloroform solurion (5 cm*) of pcrbcnzorc acid (62 mglcmx) was 
added to friedcl-IXtne (96 mg) in chloroform (20 cm’) and allowed IO stand at 5 for 24 hr. (EsIimaIcd 
uptake was O.Y3 mole.) AfIer washing with polassium bicarbonate solution and warcr. Ihc dried 
INa,SO,) solurion was evaporated to give a sohd. m p. 23X- 239 , (z],, . 35 Ic, 1.6). i:~vc more 
rccrystallizaIions from chloroform+Ihyl aataIe gave 18:: l9E-rpo.r,#icde/ur as nccdlm. m.p. 260- 

261 . I& - 34 Cc. 1.2). II gives no color with IetraniIromcIhane and shows no carbonyl absorption 
in ~hc infrared. i.“acia 3.46. 6.84, 7.24. 7.35. 900, IO 05, 10.65. IO,YS. I I.93 11. 

(Found: C. X4.28; H. 11.93. Calc. for C,,ll,,O: C, 8444; H. ll.Sl?:). 
42-Bronrc~~i~~el-18-Pn-3-one (XII). (a) N-Bromosuccinrmidc 132 mg) was added IO a soluuon of 

frrcdcl-l8tn-3-one (70 mg) in carbon tctrachloridc (20 cm’). the mixture rcfluxcd with irradiation 
from an tnfrarcd lamp for 30 mm. cooled and filtered. The residue. obraincd on cvaporarion of the 
filtrate was crysIallized from chloroform-ethyl acelalc to give the product (35 mg. m.p. IXO-IXI ) 
which on IWO funhcr rccrystallirations from the same solvcnls y~cldcd 4x-hromu/riedrl-IX-m-3-onP as 
\cry fine nccdla. m.p. I85 ,186 . [210 1 87 (c. 1.62). i.e”“‘a 307 m/r. i.c”c’* 345. 3.50. 5 X6. 6.24 1~). 
6,XX. 7.21. 7.26 (S/I). 7.36. 7.60, 906. 9.17. 9 31. 9.X3. 10.19. 10.45. 10.95. I I62 14. II gives a yellow 
color with IeIrdniIromcthanc in chloroform solution. 

(Found: C, 71.X0; II, 9.X3. Calc. for C,.H,,OBr: C. 71.55; Il. Y.41 T,,) 
R.D. in dionanc tc. 0050): [z]rO. 1 104’. [2j,., - 80’. [21w4 + 1450’. [=I*,, 1904 , [zj,., 1564 

(h) N-Bromosuccinimide 175 mg) was added IO a solution of 41-bromofricdclin (200 mg) in carbon 
Ictrachloride 153 cm*). TrcaImcnt as in (a) above gave the crude unsaturated bromoketone (I I5 mg. 
m.p 178 ,181 ) which on Iwo furIhcr crystallirarions yaldcd 50 mg. m.p. 186.187’. 1~)~ - 86 
Ic. 2.56) wiIh idcnIical infrared spectrum. In anoIhcr cxpcrimcnt. I .2 g of 4x-bromofricdclin gave 
0.6 g of pure 4x-bromofricdcl-l8en-3-onc 

Dcbromination of 4x-bromofricdcl-l8cn-3-one 1300 mg) by zinc in benzene alcohol as described 
for the 2x-bromo isomer gave friedel-l8-cn-3-one (14X mg) as nuzdlcs. m.p. and mixed m p. 266 269’. 

lx10 26 tc. 1X5). 
The action of siher acetate on 4%~hromo/riedeI-I X-en-3-one. A solution of 4x-bromofricdel- I Ren- 

3-one (I I5 mg) in erher (543 cm’) was added to a solution of silver accIaIc (I I2 mg) in water (2 cm’) and 
accric acid(60 c ma). The mixture was distilled until the boiling vapor temperature was I IO , refluxcd 
for 20 min filIcrcd and cvapratcd. The residue was cxtractcd with chloroform f I50 cm’). the extract 
washed with waler, dried (sodium sulfate) and Ihc product, obtained on cvoporation. was crysIallizcd 
from chloroform-methanol IO give a produc1 (48 mg) regarded as a mixed crystal (needles) of almsa- 

5:18-&n-3-one and a/n~-5(lO):lX-dicn-3-onc, m.p. 233 235’. [xl” - 42.5’ fc. 146). II gives a 

yellow color with IeIranitromcthanc m chloroform soluIion and shows no high-inIcnsiIy ulIraviokt 
absorption. Ultraviolet end absorption: r I055 (220 m/r). 2020 (215 m/r). 4960 (210 m/r). 

(Found: C. 85 01; If, 10.98. Calc. for C,.H,,O: C. X5.24; H. 10.979:). 
2x-Hromofricdcl-IX-co-3-one was rccovcrcd unchanged after identical Ircatmcnt 
Action c)~N-hronrosuccinim~e on frit*delane. N-Bromosuccinimide (Y8 mg) was added IO a solurion 

of fricdclane (200 mg. m.p. 252-254 , 121” - 21 ‘. prcparcd by Iluang-Mmlon rcducrion of fricdelin) 
in carbon Icrrachloridc (IOOcm’). and the mixture heared by an infrared lamp. A yellow color 
appeared afIcr rcfluxing for I2 min, then disappeared after a further 30 sec. Aflcr a total rcflux time 
of 30 min. the mixture was cooled. filtered and the solvent rcmovcd under reduced pressure. Crystal- 
IIraIion of Ihc solid residue from chloroform eIhyl acctatc gave a product. m.p. 220-221”. unchanged 
on IWO further crysIalliraIions. Two further crysIalliraIions from a larger volume of these solvents 
gave friedcl-l X-cnc as blades. m.p. and mixed m.p 242-245 ‘, [xl0 . I7 fc, I .6). The Infrared spccrrum 
(in KRr pcllcr) was supcrimposabk on IhaI of Ihc sample obtained by Huang-Minlon reduction of 



fricdel-18cn-3-one and had bands 81 1650 (weak), 1465, 1440. 1385. 1360. 1318. 1265. 1160, 1123. 
1092, 1079. 1054. 1020. 1000, 981. 964. 948. 920, 821. 68Ocm I. 

In another similar cxpcrimcnt. fri&lanc (300 mg) yielded fried&l8cne (75 mg. m.p. 241 242 ). 
rGcd to m.p. 242-244 . (z],, .. 18.5‘ (c, 1.52) after a further cryslalliwtion. 
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