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Abstract - The dsorygenrtlon of the o,B-unsrturrtad 
ketones (I) and (5) under the Clennonsen condition 
ylelded the olefins (2) and (6) along with their re- 
spectlvo dlnsrs (3*4) and (8+9). The a,6-unsaturated 
ketone (13) under slmllar treatment ylelded the ols- 
fin (14) In satisfactory yield but the dimer could 
not be characterized. The deoxygenetion of the a.B- 
unsaturated ketones (10) and (16) under similar con- 
ditions afforded the oleffns (12) Jnd (15) rerpec- 
tlvely in satisfrctory yield Jlong with the reJr- 
rJnged oleflns (11) Jnd (17) respectively. Lpox- 
idetion of the olefin (17) followed by heating with 
p-toluenesulfonlc acid ylelded the ketone (18). 

The deoxygonrtion of 3.6-unseturrtad ketones by the method of Clemnonsen l-3 
hJs 

boon reported”’ to yield corresDondlng SJturJtOd ketones, both reJrrJnged Jnd un- 

rCJrrJngwd tag: cyctohax-2-enone+cyclahcrrnone end 2-nethylcyclopentenone). In some 

CJses the expected Jlkene YJS obtrtned wlthout rerrrrngement of the double bond (eg: 

3-methylcyclohax-2-enones~3-methy1cyclohexene~ while in certeln cJses the formJtlon 

Of reJrrrnged Jlkene (eg: cholest-4-en-one-cholest-4-en-3-one) waS observed. The results 

of these investlgJtIons prompted us in exrminlng the behJvior of some undermentioned 

a.!?-unsstursted ketones under Clemmensen reduction. This pJper summJrIres the results 

of our Investigations. 

(2) R = H,H , R, l H , R2=H,H 

(10) R l R2’0, RI =M@ 
(12) R = H,H RI-M@ l R2=o 
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our lnvastlgatlon begJn with the ketone6 (1) which wJs reduced under Clammenrcn 

reduction 
1 

using amJigJmJted zinc and hydrochiorlc Jcid. No co-solvent UJS employed. 

This oparJtion yielded the octalin (2) in 60% yield whore spectrrl dJtJ (sac Experl- 

mantJl) closely resemble the published dJtJ. 7.9 It is worthwhile to mention that we 

Jccidentrlly developed J simple synthesis of the octalin (2). 

The reduction of (1) else yielded J solid mJterial (30-40%) rhlch YJS shown to 

be J dlmer C22H32 by mass spectromctry Jnd combustion analysis. The 
1 

H NMR spectrum 

which exhiblted slgnalr at 6 1.02 (6~) and 6.09 (2H) due to two aethyl groups Jnd 

two vinyl protons respectively supported the formJtion of the dimer. There rpectro- 

scopic dJtJ led us to propose either the structure (3) (E form) or (4) (2 form) for 

the dlmer whore formrtion must hrve followed the scheme outllned by VedeJ’s. 

order to determine if the dlmer WJI only one diartereolromrr or J mixture, ?3C 

NMR spectrum WJS studied. To our surprise the spectrum presented more than twenty 

lines Jnd therefore we concluded that the dleer WJJ J mixture of dtJrtereisomer (3 

Jnd 4). However no attempt WI% mrde to SepJrJte the diJstereoisomers. 

The Jbove findlngr led us to examine the behJvior of the a.9-unsaturated ketone’ 

(9) under Clemmensen reduction. The mJJor product obtrtned in 808 yield YJS identi- 

fied JI the octJlin (6) on the brsis of 
I 

H NMA. IR J”d TLC coapJri,ons with J” Juthen- 

tic specimen. 
10 

It has been reported ” ‘thJt the octalin (6). on treatment with 9%- 

Sulfuric acid-•cettc JCld. afforded rn equilibrium mixture contrlning 94% of the 

octalin (7) but such reJrrangement YJS not observed during the C~emmenren reduction 

of the UnSJtUrJted ketone (9). 

The minor product obtrined (1-1.8X) WJI shown to be J dlmer C26t140 by mass spec- 

trometry and combustion J”JIYSIS. Its 1 H NMR spectrum exhibited the signals at 6 

1.18 (18H) Jnd 6.29 (2H) due to six methyl groups Jnd two vinyl protons respectively. 

Owing to Inrufflcient rat0 r iJI it, 13 C NMR spectrum could not be studied. On the 

bJst% of these spectroscoo 81 c data I’M NHR and MS) Jnd by Jnalogy with the reduct Ion 

of relJted ketone (I), the dimor WJS Jsrumed to be J mixture of dlJstereoisomsrs (8) 

(E form) and (9) (2 form). It is worthwhile to mention that the ketones (I) and (9) 

did not undergo any molecu I Jr rerrrangoment when heated with dilute hydrochloric 

Jcid or with rinc chloride Jnd hydrochloric acid. 

(8) 
(5) R=O 

(6) R = H,H 

Our next experiment involved the reduction of a-substituted enone l2 (10) which 

under Clemmensen reduction ylolded princlpaily two products. The major product (50%) . 
WJS ldentifled JI octJlone (!I) by compartng its spectrrl dJtJ with the one re- 

ported. ” It 1% worthwhlle to mention that the tlemmensen reduction of the enone 

(10) constitutes in JlternJtive method for the preparation of the octalone (II) 

which has been utllired for the syntherls of trlptolidc. sn JntitUmOrJl dlterpene. 

The second major product (20%) was ChJrJCteriZed on the bJsis of spectroscopic dJtJ 

JS octJlone (12) whore alternatlve synthesis 
14 

WJS JtreJdy reported. The repeated 

purifiCJtlo” Of the octJlo”e (12) failed to provide J pure sampI for J”JiYtiCJl 

purposes. The identity of the octJlone (12) wJI confirmed by prepJrIng its SemicJr- 
14 

brzone derivJtive whose melting point was almost IdentlcJl with the one reported. 
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The next phJse of our studies involved the reduction of the o.B-unsJturJtsd trl- 

cyclic ketones. It has Jl rJJdy boon reported 
IS thJt the roductlon of the trlcycllc 

ketone (13) under Clennensen condition produce the olafln (14) In 83% yield. The re- 

ductlon axperlaent Jlso Jfforded Jn Jmorphous solld In very poor yteld Jnd this YJS 

found very susceptible to JerlJl oxldJtlon Js evidenced by its chrnge of color wIthIn 

J dJy from deep yellow to reddlsh brown. It hJs J molcculJr Ion m/z 452 (II*) In the 

mJsS spectrum Jnd exhlblted the prerence of methyl, vinyl Jnd nethoxy groups In the 
I 

H NHR spectrum. Its 13 C NMR spectrum, though not well-defined owlng to lnsufflclent 

Jmoun t , exhlblted 28 lines. These spectroScoplc dJtJ IndIcJted the fornution of J 

diner but Owing to our InJblllty to obtJIn Jn JnJIyttcJIly pure SJnpIe. the StruC- 

turJI Jsslgnment of the dlmer YJS omltted. 

R&oM’ f-y’ gJyO”’ 

\ 
(13) R=O MO id. (IS) R= H,H Ik h (16) R.= Mr 

(14) R=H,H 
(16) R = 0 (191 R . COOH 

Our 1Jst l xrmple In this series Involved the reduction of the ketone (16) which 

YJS prepJred by the oxldrtlon of the olefln 
16 

(15) with chromium trloxlde Jnd pyrl- 

dine. The mJJor product (60%) WJS Identified Js olefin (IS) on the bJsls of Its 

SpeCtrJI dJtJ with thrt of reported. 
16 

The minor product (lOI) was shown to be the 

olef In ( 

PeJk Jt 

for the 

protons 
(~-6 it 

respect 

I?) on the brsls of its spectrJ1 dJtJ. The mJss Spectrum dIsplJyed prrent 

m/z 256 (M*) Jnd the UV spectrua exhibited the ChJrJCterlStIC Jbsorptlon 
17 

styreno brnd. The signals between 6 0.91-1.07 IndIcJted the presence of 18 

(SIX methyl groupS). Two one-proton doublet Jt 6 2.14 (J-3 HI) Jnd 6 I.86 

were JSSlgnJbIe to the C-10a protons of trrns and cls Isomer of olefln (17) 

vely.18’1g The dlhedrJI JngIe between C-10 Jnd C-10~ hydrogens for trJns 

isomer is Jbout 90’ 

OlJI 

(Fig 

M’ 

A) where JS for ClS ISOmJr the dIhedrJI JngIe is ver y SQJtl 

% 

Y’ OMO 

II 

Y’ 
H 

F1g.A 

OMr 

MO Fig. B 

(Fig 0) Jnd thus the coupltng constJnt In trJns isomer ~111 be much Smrller 
20 

thJn 

cls Isomer of the olefln (17). Another slgnrl due to C-10 proton which JppOJred Jt 

6 6.15 Showed coupling constJnts (J-3 Hr. J-10 Hz) Jnd (J-6 Hz, J-10 Hz) due to the 

trJns Jnd cts lsomor of olefln (17) resperttvoiy. As the Isomers were not eJsily 

SepJrJbIO. the olefin (17) YJS oxldlrod with m-chloroperbJnzolc Jcld In chloroform 

Jnd the resulttng crude l poxlde on hoJtlng wlth p-toluonosulfonlc Jcld In chloroform 

Jffordod In rJJor proportlon the ketone (18) whose SpectrJI dJtJ (111 Jnd ‘n NMR) 

were found to be In perfect Jgreement utth those of the reported. 
16 

lhls experiment 

led US to the conclusion thJt the olefin (17) ContJlned the nJJor proportion of the 

trJns Isomer. The converslon of the ketone (18) to the ketoJcid (19). J potentIJl 

lntJrmedlJte for the syntheslr of plmJrJnc dltcrpenes Jnd tetrJcycIIc diterpene,. 



6618 A. K. Bm cl al. 

her already been reported. 
16 

In conclusion. ~8 have Shown that the Clemmenson reduction of the a,8-unseturet- 

ed ketoneS (l),(S).(ll) and (16) Icd to the formatlon of oleflnr (2),(6),(14) and 

(15) respectively In raJor proportIons. Neither the reduction of the double bond nor 

ring rearrangement weS obServed during the reduction. It Is very Interestlng to note 

also that the ketonar (C).(5),(13) and (16) behaved very differently in the formatton 

of dimeric products. This can only be accounted by rsSumlng a continuous Incransnt 

In the rlgidlty of ketones (l)+(5)-(13)+(16) owing to the Introduction of rddltlonal 

functIona groups and IncreasIng the ring number of cyclic systear. An alternative 

Synthesis of olafIn (2) and octrlone (11) her been developed during Clemnanscn re- 

duct Ion. 

EXPERIMEnTAL 

Mps were determined on J Koflsr hot stage apparatus and are uncorrected unless 
otherwIse stated. IR spectra were taken on J Perkln-Elmer spectrometer for KBr or 
liquid fllmr and UV spectra were measured with J Car model 15 spectroaetor for netha 
no1 Solution. ‘M NHR Spectra were obtelnod for solut on T In CDCI, end CCI, 41th a 
Varlrn A-9D spectrometer. Chealcal shifts are reported JS units usIng TMS as IntornrI 
standard. The form of sIgnrls Is expressed as s:singlst. d:doublet. t:trlplet and 
n:multIplst. The “C ll~R spectra were taken In’chloroforn end In Brukar PY 60. Mass 
Spectra were recorded on Du Pont 11-4920 and HItachI Perkln Elmor RMU-6~ at 70 ev 
uslng a direct Inlet System. Column chromatography YJS cnrrled out with Nootrel 
Brockmrn elumlna and slllca gel (BDH). TLC plateS were coated with SIIIca go1 hrvlng 
J thlcknsss of ca 0.2 mm and the spots were located by exposing the dried plates to 
Iodine vapor. DC-plates precoated SIF (20 x 20 cm “) layer thlckners (1 mm) were 
used for preperetlve thin layer chromatography. Unless otherwIse stated a11 orgrnlc 
extracts were washed with brine, dried over anhydrous MgSO . and evaporated under 
reduced oressure. MIcroanalyses were carried out In Franz Pescher Mlcroanallsches 
LaboratorIum at Bonn, Germany. All compounds described here are racemlc although the 
pref Ix (*)- is omltted and only one ensntloner Is depIcted In the structural formula. 

Octrlin (2) and the dlmer (3+4) 

The ketone (1) (584 mg) YJS heated under reflux for 3 h *Ith amalgamated Zinc (5.89). 
water (6 ml), and concentrated hydrochloric rcld (18 ml). The rsactlon mtxture was 
diluted with water and eXtraCted with ether. The ethererl extract was Gashed. dried, 
evaporated and subJected to sIlIce gel chromatography. Evaporation of hex&no elute 
ylelded the octalIn (2) JI oil 320 ng, 6Ot), MNR: 6 0.95 OH, s, IO-He) and 5.42 
(lH, m. 4-H). MS: m/r 150 (W). (Found: C. 87.84; H. 12.04. talc. for CII(~I: C. 
87.92; H. 12.08%). 

The portlon eluted with benzene afforded the dImer (3+4) (421 mg, 40%). m.p. 160- 
162-C (from ether), IR: 1615 cm-‘. MMR: 6 1.02 (6~. S, 2 He) and 6.05 (2H. S. vInyI 
protonS), “c NMR: d 146.398. 146.216, 127.171. 124.613. 124.311, 119.686, 118.226, 
76.162. 77.032. 74.903, 41.923. 39.489, 37.786, 37.360, 35.656, 35.238, 33.232, 
28.294, 26.251. 26.103. 23.304. 22.452 and 21.905. MS: m/r 296 (W). (Found: C. 
89.07; H. 1069. Cslc. for CzzH,z: C, 89.12; H. 10.88%). 

OctalIn (6) and the dlmer (8+9) 

The ketone (5) (1 g) WJS heated under reflux for 4 h wlth l malgrmated zinc (7.5 g), 
water (8 ml), and concentrated hydrochloric l c.id (15 ml). The reactIon mfxture waS 
diluted with water and extracted with ether. The ethereal extract was washod, dried, 
evaporated to yield In 011 which was chromrtogrrphed on sIllce gel (8~2 hexrne* 
benzene) to yield the oily olefln (6) (740 mg. 808) l s e clear 011. IR: 1642, 998. 
976 and 797 cm -I, IMR: 6 1 .04. 
MS.: m/r 178 (M’). 

1.08 and 1.16 (4, IO-Me) and 5.62 (6-H. t. J-4 Hz,)&,, 
These spectroscopic propertles were Identical with one rsportod. 

Evaporation of the slute (4:6 hexens-benzene) yIelded the diner (8*9). ( 
m.p. 150-152’C (from chloroform), UV (methanol): 304 a~ (E 10.000). NfiK 

(18H. s. a-He). 1.42-2.52 (20H. A. 10 CM*), 6.25 (2H. s, vinyl protons) 
352 (m+). (Found: C, 88.17; H. 11.32. Calc. for CacH~r: C. 88.56; H, 11 

Octalone (11) and octetone (12) 

The enona (10) (2 g) was heated under reflux for 3 h with l malganeted z I nc (5.8 9). 
water (6 ml). and concentrated hydrochloric acid (20 ml). The reaction mtxture *es 
diluted with water and extracted with ether. The ethereal extract IJI waShed. dried. 
end evaporated to obtain an oily nrterlal which was subjected to thin layer chrom- 
tography on SIlIcr gel Impregnrted Silver nItrate (8~2 hexano benzene). The OCtJlCHtJ 

(11) (840 ag, 50%) WJS obtaIned JS colorleSs oil, b.p. 82-85.C (0.05 bath), IR: 
1720 CA-‘, NHR: 6 1.08 (3~. S, lo-ne). 1.65 (3H. S, 4-n.) end 5.68 (In, m. vInyI 
proton), MS: 178 (N+). (Found: C, 80.81; H. 10.15. CaIc. for CirH1a0: C, 80.85; 

32 l g, 1.81). 
6 1.18 

4::;. 
m/x 

H. lD.188). 
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me octalone 112) (336 vl 20%) was obtJinad as pJle yellow IiqVId. II: 1710 cm-‘, 

YMR: 6 1.16 (3~. I. 10-h) and 1.64 (3M, I, 4-He), MS: 17b (&I. sealcarbazone. m.p. 
218-220'~ (from ethanol) 
Calc. for c 1BHJ &Y,O: 

C. ;61::r’~,2:1~~2~~:.l!F~~n~i,:: 66.31; M, 8.96; K. 17.82. 

Oltfln (14) Jnd dlmer 

The ketone (13) (1.22 g) subJected to Cleaaensen reduction following the publlshed 
procedure” to obtJln the olefln (14) (956 mg, 83%) whose spectral and physical 
properties were identical with the publIshed dJtJ.” 

The residue left after the distiIlJtion of the olafin (14) on trlturatfon with ether 
yielded a solid (22 rag). n.p. 180-184’~ (from chloroform). 111: 1610 cm-‘, KMK: 5 
1.38 (6~. s. 2-Ital. 3.78 (6Ii. s, 2 OC~sI5.45 I2h. s. 
(6~. aromatic protons). HS: n/r 492 (H+). 

vinyl protons) and 6.78-7.24 

Ketone (16) 

To an ice-cold solution of dry pyrldine (9 ml) In methylens chloride (40 ml) was 
added chromium trloxide i4 g), stlrred for 5 nln and then Jdded the olefln (15) 
(768 mg) in methylene chloride (3 ml). After stIrrIng for 24 h Jt room temperrture 
the reJctIon alxture wJs flltered Jnd the fIltrJte WJ~ concentrJted to yield tarry 
mJterIJl which wJs taken in ether. The ethereal solution WJS wJshed with dilute 
hydrochloric Jcid. brine. dried Jnd evJporJted to obtJIn an oily mJteriJ1 which uJS 
subjected to 111 ICJ gel ChrOmJtOgrJphy. LvaporJtIon of elute (1:l hexane:benrene) 
yIgl,ded the ketone (16) (3118 mg. 48%). a.p. 78-80’C (from ether). Ill: 1660. 1610 
cm nnn : 5 1.29 i3M. s), 1.37 (3M. s) Jnd 1.52 i3M. I) (1, 4J-Kc), 3.89 (3h. s. 
7-on;1 6.92 (1H. s. 10-H) and 7.16-7.68 (3M, m, aromstlc protons), MS: m/r 270 
(M+). iFound: C. 79.93; h. 8.18. Celc. for CIJMztOs: C. 79.96; H. 8.2Otl. 

Olefins (15) and (17) 

The ketone (16) 1920 mg) VJS refluxed for 6 h with amalgamated ZInC (6.8 9). WJtJr 
(8 ml), and hydrochloric JcId (lb ml). The reJctIon mixture wJs diluted with water 
Jnd extrrcted with ether. The ethereal extrJcted WJS wrshed. dried and l vJporated 
to obtain an oily mJteriJ1 which WJI chromatogrephed over SII~CJ gel. ElutIon with 
hexrne (the first 32 frJctlons, each 10 ml) Jfforded the olefln (151 (522 mg. 60%) 
whose spectral propertles were IdentIcJl with that of reported.“ 

Further l lution with hexJne (the frJctIons 42-58. l JCh 10 ml) yIelded the olefln 
(260 mg. 30%). IR: 1615 cm-‘. UV (methanoI): 200 mu if 14129). 279 mu Ic 9120) Jnd 
315 mu (E 15b5). NHR: (cis and trJns Isomers): 6 0.91-1.07 il8h, l-He Jnd 4J-Me). 
1.86 (1H. d. J-6 Hz, IOa-Ml. 2.14 ilH. d. J-3 Hz. lOa-M), 3.84 (6M, I. 7-One), 
6.15 (lM, m. J-10 Hz, J-3 Hz, 10-M). 6.56-7.42 (n, Jromatic protons, 9-H). MS: m/z 
256 (x.1. (Found: C. 83.98; H. 9.12. Calc. for ClaMJbO: C, 84.32; M. 9.443). 

Ketone (18) 

To J solution of the olefln 117) (200 ng) In dry chloroform (10 ml). cooled to O’C 
was Jdded m-chloroperbenrolc JcId (I00 mg) Jnd the resulting solution Jfter stir- 
ring Jt room temperature for 60 min WJI treJted with sodium sulfite (102, 5 ml). 
The resction mixture WJI then successively wJshed with aqueous sodium CJrbOnJte 
solution (5%). brine. dried Jnd l vJporJted at room tenperJture. The crude epoxlde 
(230 mg) dissolved In chloroform (19 ml) was heated for 5 h with p-toluenesuffonlc 
JcId (80 mg). The rerctlon mixture wJs neutralired with Jqueous sodlun CJrbonJte 
solut Ion (51. 4 ml) Jnd the chloroform lJyer YJS washed, dried Jnd evJpOrJted to 
yield an oily mJtertJ1 which YJS subJected to Silica gel chromatogrephy. EvaporJ- 
tion of the elute 16:1( hexJne:ether) afforded the ketone (18) (273 “;o, 72%) whose 
spectra1 properties were identicrl with that of Juthentic specimen. 
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