
HYDROBORATION AND DIIMIDE REDUCTION OF 
CARYOPHYLLENE AND ISOCARYOPHYLLENE 

V. V. RAMMA RAO and D. DJNAPRABH~ 
Department of chemistry, Man lostMe of Tccbnolagy. Ionpur #)(#)16, Iti 

(Receioed in UK 6 January 1978; Accepkd for publication 24 Febnwy 1978) 

Abdmddk q onobydroboratioo of caryopbylleae with dicyclobexyiboranc followed by oxid&m brought about 
theparticipationofthe(E~doublebondinprefenncctotbcexocyclicdouMebonddnring 
hydmboratioa to the colTestnmdiug unratunted akobot. ‘flis akohol gave tbc comspondine ketone by oxid&o. 
IsocaryopllylkN lmder similar WDdSona provided the uIUma&d ak+o!aatbemajfuproduc&wl&lthe 
partSpation of the exocyclic double bond took ptecc duriug hyd&omtma Our attempta to achieve cyclic 
bydrolnntion with caryophytkne or isccaryopbyllenc using tbcxylboraae risattai in the formation of the 
corrcspoDdin#- akobol. We achieved partial ngiosekctive reduction of caryopbyllene and iwcaryphyl- 
leac with diimkk to produce the wrrespading dihytlrodaivative. 

The unique structural features present in isomeric sesqui- 
terpenes, caryophyllene (1) and isocaryophyllene (2)’ 
have made them a rich source of interesting reactions. 
Our interest ia the chemistry of nine-membered cyclic 
system’ prompted us to examine the behaviour of 1 and 
2 towards orangoboranes’ and diimide reagents. 

Hydroboratioo involves a cis-anti-Markovinikov ad- 
dition of the boron-hydrogen bond free from undesirable 
skeletal mment of the substrate molecule. 
Partially alkylated boranes such as disiamyl borane and 
dicyclohexyborane permit greater regiose1ectivity as 
well as selectivity while canying out mooohydroboration 
of dienes. The monoaikyborane, tbexylborane allows 
double hydroboration of certain dienes 8ivin8 cyclic 
0-s. Diimide is a mild reducin8 ager~ts,~ 
achieves &-hydrogenation from the less hindered side 
of tbe double bond without any fear of isomerisation. 

The mokcular model of caryophylkne (1) indicates 
that the arran8ement of 9-membered rin8 of 1 has the 
plane of the (E)-endocyclk double bond perpendicular to 
the plane of cyclobutane rirrg. lbere are two such con- 
formers (1A and lB), in each of which only one face of 
the r-bond is exposed to attack, the other side bein 
compktely shielded by the rest of the mokcule. 
Consequently, each conformer can give rise to a single 
diastereoisomcr by symmetrical reagents which add to 
this a-bond throu8h a cyclic transition state with little or 
no ionic character. fn isocaryophyllene (2), the (Z)- 
eodocyclic double bond is less rigid and it has greater 
freedom to change from one extreme conformation to 
the other (2A e 2B), and both sides of the double bond are 
relatively access~&k in 2A arnf 2B for attack by similar 
reagents6 Therefore, such additions should lead to a 
mixture of diastereoisomers. The disposition of exocy- 
clic double bond in caryophyllene conformers (la and 
1B) suggest that the a-side provides a kss crowded 
environment for the doubk bond. Hence the approach of 
any reagent with steric requirement should be preferred 
from this side. Orr the other ha&, the molecular models 
of isocartophyllene conformers (U and 2B) indicate less 
selectivity at the exocyclic double bond as compared to 
1A and 1B. 

bDeceased I2 JMuary 1978. 
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It appeared therefore appropriate to establish the 
selectivity of 1 aod 2 towards monohydroboration reac- 
tion aod partial diimide reduction. In the course of the 
study we were interested to establish the participation 
of stabk conformers 1A and 1B towards hydroboration, 
and also bansanuular pa&ipation of both the double 
bonds in 1 or 2 towards cyclic hydroboration. 

Hydmbomtion of caryophylknc (1) and isocaryophyllenc 
(2) 

Monohydroboratkn of caryophyllene (1) with dicy- 
clohexylborane’ was studied vary@ the ratio of reac- 
tams in THF in order to find the optimum conditions for 
the formation of maximum quantity of mono- 
hydroboration product When dicyc1ohexylborane and 
caryophylkae (1) were used in a 2: 1 molar ratio, the 
amount of recovered caryophyllene (1) was a minimum 
and the yield of caryophyllene alcohol (3) was a maxi- 
mum (70% yield) after usual alkaline oxidation of the 
intermediate OQaMboWe (Scheme 1). Its IR spectrum 
shows absorptions at 1640 and 885 cm-’ characteristic of 
exocyclic methyleoe group and complete absence of 
absorptioos at 1679 and 835cm-’ due to endocyclic 
double bond. ‘llre NMR spectrum shows vinyl methylene 
protons at 4.87 8 as a siuglet. Oxidation of yophyllene 
alcohol (3) with pyridinium chlorochromate provided 
caryophylkne ketone (4) in good yield. Our attempt to 
achieve cyclic hydroboratioa of 1 with thexylborane’ 
resulted ia the formation of only 3 after alkahne Hz02 
oxidation. 
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The hydroboration-oxidation of isocaryophyllene (2) 
with dicyclohexylboranc’ yielded isocaryophyllene al- 
cohol [Q - (lR, 9s) - 4,11,11 - trimethyl - 8 - hydroxy- 
metbylbicyclo(7.2.O)undecan - 4 - ene] (5) and diastereo- 
isomeric [4,11,11 - trimethyl - 8 - methylene - bicy- 
clo(7.2.O)-undeum+oIJ (6) (70% yield) in a ratio 4: 1 as 
analysed by NMR (Scheme 2). However, pure isocary- 
ophylkne alcohol (5) was obtained durin8 hyd.ro&ation 
of 2 with thexylboranc9 followed by oxidation. 
Compound !I had IR absorptions at 1670 and 84Ocm-’ 

showing the presence of ‘0-C’ 
H’ ‘CH; 

The NMR 

spectrum displays an ol&ic proton at 5.0-5.5 6 as a 
triplet (J = 6.5 Hz) and OH proton at 2.77 8 as a singkt. 
Hydroboration and protonolysi~ lo of isocaryophylkne 
(2) yielded the dihydroisocaryophylkne (7) in 57% yield 
(Scheme 2). 

Tbc reducin8 agent diimide was generated in situ by 
oxidation of hydraxine with HA in presence of cupric 
ions.” Partial reduction of caryophyllene (1) yielded 
dihycrocaryopbyII= [(lR,9S)_4,11,1 I-trimethyl& 
methyknebicyclo(7.2.O)undecaneJ (8) with 100% con- 
version to the product in 8ood yield (Scheme 3). Its IR 
reveals the presence of only exocyclic methylene group 

(3065, 1640 and 885 cm-‘). Its NMR shows two olellnic 
protons at 4.85 d as a singlet Isocaryophylkne (2) under 
similar conditions underwent conversion only to the ex- 
tent of 8096 to give dihydroisocaryophylleoe (7) (Scheme 
3) which was separated by preparative GLC and was 
identifkd as 7 (GLC retention times, @ and NMR). 

Our results on the monohydroboration&dation 
of caryophylkne (1) conclusively point out that the 
more substituted (E)-double bond selectivity part&&es 
during hydroboration to give satisfactory yield of 
caryophyllene alcohol (3). The sek&ity as well as 
reactivity may he attributed to the strain in the 
(E)doubk bond in a Pmemhered ri~# which is in 
agreement with the result of Brown.’ Gur experiments 
on the variation of molar ratio of 1 to dicyclohexyl- 
borate from 1:l to 1:2 indicated the &ease in the 
percentage conversion of 1. There was no contamination 
of the dihydrohoration product in spite of 10096 excess 
use of dicyclohexylborane indicating greater selectivity 
of the (E)double bond over exocyclic double bond 
during hydruboratioo. This unsaturated alcohol (3) on 
oxidation with pyridinium chlorochromate’ gave un- 
saturated ketone (4) in good yield. The presence of two 
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singkts at 4.85 and 4.95 6 in the ratio of 3: 1 for the 
oletinic protons in the NMR spectrum of the ketone 4 
andthewidsrangcinthcm.p.ofthcDNPderivative 
seem to indkatc the presence of two diastcrcoisomers 
IA and 4B. Our attempts to separate the two dias- 
tcrcoisomcrs (4A aml4B) have been futile. It has been 
shown that caryophylknc (1) forms two (E>epoxides on 
peracid cpoxidation‘ and hence the presence of two 
cooformers 1A and lB. Since the addition of B-H bond 
occursfromthcksshi&rcdsidcandthcreplaccmcnt 
ofBbyOHintbeoxidationproceeQwithretentionof 
co&uration: one would expect the formation of two 
wimeric unsaturated akohols 3A [(lrlss, 
5R$S) - 4,1&l 1 - trimethyl - 8 - methylerte - bicycle 
(7.2O)-undccan-5-o1] and 38 [(lR,4R&9S)-4,11,11- 
trim&by1 - 8 - methykne - bkyclo(7.20)unde - 5 - 011 
only when both the conformers of caryophyllene (1A 
and IB) par&&ate in the hydroboration reaction. 
Therefore, our results arc compktely in agreement with 
the find&s of Warnhoff! Our attempts to achkve pro- 
tonolysis of the intcmlediatc organaboranc from 1 rcsul- 
ted in the forma& of a complex mixture of products. 
ThisnlaybcattributcdtotheinstabiliQoftheinter- 
mediate 0-e towards protonolytic conditions. 
Oar attempt to achieve cyclic hydroboration of 1 usiag 
tbexylbomne gave only the monohydroboration product, 
3afterox&timLThksaggeststhatt&intamaliatcun- 
-~islIOththeViCillityott&CXo- 

cyclic double bond to achieve bansannular addition of 
B-H bond across the ring in an intramdccukr fashion. 

The hydroboration of isocaryophyllene (2) with dky- 
clohexylboratte followed by oxidation gave a mixture of 
unsaturated alcohols, 5 and 6 in a ratio 4: 1. Although the 
reaction is not completely s&&e, the formation of 5 as 
the major product indicates greater selective attack of 
dicyclohexylborane at the disubstituted exocyclic double 
bond. However, we have been abk to achieve compkte 
selectivity using tbcxylborane during our attempt to 
achkve cyclic hydroboration which yielded only the 
uwtuWal alcohol (5). Our spectral data on S do not allow 
us to define the exact co&wation of C-8. ‘Ihe protonoly- 
sis study on the intamed&s from 2 obtained usb 
dicycbhexyIboraM provided only the dihydroisocary* 
phylkne (7) i&i- the selective protonolysis of the 
majorintermaliateo~ whichcontainspriawry 
carbon bond of isocaryophyllene mokty with boron. 

Our results with partial reductions of 1 and 2 with 
diimide are in agreement with the expected behaviour of 
diimide. The complete reduction of caryophylkne (1) to 
dihydrocaryophylkne (8) and the sekctivity observed 
may be &rii to the strain of the (E)-tiubstitutcd 
doubk bond in a Pmembercd ring. The selectivity 
observed in the case of isocaryophylleae (2) is attributed 
to the preference in sterk environment for reduction at 
the exocyclk doubk bond as compared to (Z)-trisub- 
stituted e&cyclic doubk bond. Thus the results are in . 
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concurrence with the observed partial reduction with 
(&El-1,Scyclodecadiene” and terminal allenes.” 

The results of this study fuIly support the earlier 
generalizations regarding the selectivity a3 well as reac- 
tivity of the monohy~o~r~on reaction and partial 
diimide reduction of dienes containing two double bonds 
which differ either in substitution or/and configuration. 
Oxidation of the unsaturated alcohol (3) to the ketone (4) 
further establishes the presence of two colorer (IA 
and 1B) of caryophyllene (1). The present procedures 
provide convenient methods of preparing the unknown 
c~ophyl~ene aleotto (3), ~ophy~cneketone (4) iso- 
auyophyIlene alcohol Q and dihydrocaryophyilene (8) 
for the first time. 

-AL 

M4teri4l.s. GLC was ptrformtd with a Varian Aemgrapb 
Model 9&P instrument. NMR and fR spectra were obtained with 
a Bntkcr WH-90 and fkckman fR-8 spectmmttcr, respectively. 
The bps were uncorrected. 

Hydmbomtion of carpphylltnc (1) with 
dicyclohexylfxvnrte. To 20 mmd of dicyclohexylborane a solo of 
caryophylkne (2.04 8, 10 mmol) io 20 ml THF was added at 0’ 
pM1was’stimdfor2hrat~~add~2hratroolattmp. 
The residual hydride was destroyed witb 1: 10 mixture of water 
and THF. Then it was ox&cd us& 3.2 ml of 3 N NaOH aed 
3.2ml of 39% H& in tht usual mtnntr. RK mixture was 
extracted with ether, washed with water sod brine, dried over 
M&Q. Solvent and cyclohexanol were removed u&r vacmlm 
andthcrcsiduconc hromatoospby over basic ahimina gave 0.2 g 
of wreacted ethylene and 1.4g (70% based oo reacted 
~ophy~e~) of caryophyileoe alcohol, b.p. 140-14~ (0.1 mm); 
fR(Cct): 3623,3400~ 3680, $640, 1385, 1370, lU70 aad 88Scm-“; 
NMR(CDCM 6 ppm: l.O0(3H,s), 1.03 (@I, s), 3%3.7 (IH, ml, 
4.33 (IH. sl and 4.87 (2H. s). (Found: C. 80.721 H. 11.40. Cak. for 
C,,HlsO: C. 81.03; H, 11.71%). 

Pytfdinium chlorochtomate oxidation of cotyopkyUcnt alcohol 
(3). A mixture of pyr&hm~ chlorochromatc (0.60 R 2.8 mmol) 
aod fused NaOAc (0.093 g, 1.1 mmol) was suspended io 5 ml of 
CH&, and caryopbyfleoc akohol(O.50 & 2.2 mmol) was rapidly 
add#latroomtcmp.withrmqpletics~.Aftnr2hrofo~- 
tioo, the mixture was dihlted with BYTE ttbtr, iutmd 
thNugb nemai ahrmiaa. Tim lillratt on co&ntmtion gave an oil 
which oo mokcular distiMoo yickfcd 0.368 (72%) of w 
ophylleoc ketone; b.p. 126-1~ (0.2 mm); fR(CCl,): 1715, 1640, 
1385,137O aod 885 cm-‘; NMR(CDCM d ppm: 4.95 and 4.85 (ZH, 
d aad 0.9&2.50 (22X. ml. fFouad: C. 81.48: H. 10.73. Cak. for 
&I&,o: C, 8LSi; H,‘lO.91%~. 

Hydmbomtion of ts~a~phy~l~ (2) Wltk 
dicyc~~yf~~e. M~hy~~~ of i~~ky~ 
(2.04 8, 10 mmol) with dicyciobexylboraac (20 mmol) was carried 
outinamamKrs~tofbatdcscnbedebovetooMain0~2of 
lmreacM isocaryophyneac and 1Jg (65% based 011 reacted 
~~~e~) of i~~hy~ne aicohol, b.p. 142-143’ 
(0.1 m& l&Xi& 36X&34&, i&O, 1385,137O. 1030,890, and 
835cm-‘: N?dR(CDCM 9 tmm: 0.94 (sk 0.97 (sl. 1.6 (d, 3 = 
2.0 Hz), &-X5 (t, I- 6.5 H$ aad 4.7-$.~~(m). (Found: C, 8O.n 
H, tl.30. Calc. for CI&,O: C, 81.03; H, 11.71%). 

Hydmbomtfon of caryophpllrnr (1) WM 

thuylhmnr. -i%txylbomt (20 ml, 0.5 M, 10 mmol) in THF and 
caryophyUeoc (2.04 g, 10 mmof) io 20 ml THF were added drop- 
Wi~s~~~lyintaadask~20mlofTHFat00 
withstirriagoveraperiodofU)min.TIKmixtunw~~fcrr 
anhraadthtos~at~mtemp.foranadditiorurl2hr.Ibc 
usual oxidatioo of thcxyl oqp&boranes usit 3.2ml of 
6 N NaOH and 3.2 ml of 38% H& followed by work-up DW 
ccdum as already described pro&&i 1.2g of imrcacM-&y- 
ophylleoe aad 0.7 9 of (76%) caryopbyllcoc alcohol (3). 

Hydtvbonltion of isocatyophyflcnr (2) with 
r~ay~~~e. ~y~~mti~ of i~h~e~ (2.03& 

10 mmol) using tbcxylboraoe (20 ml, 0.5 M, t0 mmol) as dcscrii 
above followed by oxida&m yielded l.lSg of urea&d im- 
caryopbylleoc and 0.65 B (67%) of iMwvo&lkae alcohol. b.o. 
Ill-14T (0.1 mm): fR @Xl,): 3630, 3400; i676, 1385, 137O;lOiO 
and 840~~1~‘; NMR (CDC!l3 6 oom: 0.94 OH. sl. 1.00 13H. sl. 
1.70 OH, s), 2.17 (1H; s), 3:j-3.j-(2H, d, J i 4.0&) aad‘S.O& 
(III, t, J- 6.5 Hz). (pwnd: C. 80.83; H, 11.43. Cak. for &II& 
C, 81.03; H. 11.71%). 

Hydmlmmtion-pmto&ysis of isocrrryophylfenc (2). Hydro- 
boration of isocaryopbyllenc (4.088, 2Ommol) in 4Oml of THF 
with dkytlohtxylhmnt (40 mmol) was carried out as described 
previously. The ucacted ~~hyUe~ (0.42g) and TIiF 
were removed from ti 0-s tmdcr vacuum. Tbt 
ofganobQrtnt5 weft tlttttd with sml of propionic acid sod 
nfluxed for 8hr. The mixture was cookd and suflkiit 
3MNaOH added to ensore so txocts.‘Ilw mixmt wts tbta 
extracttd with cyclohtxant, wasbsd with watet stvtral time3 tin 
ntutral, and dried over hi@&. Pm&a&m by 5ltcriq through a 
silica gel short column and diatilktkm of tJle aohlt yiwd 2.1 g 
(57%) of ~y~~hy~e~, b.p. 1loD (12mm); JR (near): 
1670,138X I370 and 835 cm-‘: NhfR (CIXJM d oom: 0.94 f3H. $1. 
1.00 (3H. -s), 1.66 (3H, d, J = 1.2H;) a& S&.3 (l&f,‘ t, i= 
7.5 Hz). (Found: C!, 87.10; H, 1258. talc. for C,sHg C, 87.uI; H, 
12.62%). 

Partial diimidc rrdvcfion of caryophyltenc (1). fn a 2.5Oml 
Iaecked~fittedwithagaaolrtkt,amPgDcticsbirreranda 
prcssurc~ fatmel, was placed a solo of caryophyfkae 
(2&g, 10~01) in 60 mf of 93% EtOH. To this solu 99% 
hydrazioahydrate(2g.4Ommol)aodlmlof t%Cu!X&qwere 
added. The tlatk with its amtents kept stirred, was cookd by 
kzc-salt mixture. The gas outlet was led into a water fiRed 
measuring cyllodcr to measure tbt vohme of Ns evolved, Affer 
aRowia8 the system to at& &eadhmss 6 ml of 30% HsOs was 
add#ifromthedroppiaefunaclatthem~of%dropapermia. 
After oo more N2 evolved, water was added into the mixture, the 
pmduct was extracted 34 times with n-hcxane, md the 
combined extract, after washing with water, was dried over 
Meso, Removal of solvent 8ave 1.8 g (87%) ~y~~hyl- 
leue, b.p. ltO-112’ (12 mm). Dt (neat); 3063, 1640,1385,1370 and 
885 cm-‘; NMR (CDCl3) d ppm: 0.93 (6H, s), 1.00 (3H, s) sod 4.85 
(2H, s). (Found: C, 67.10; H, 12.56. Calc. for &Ha: C, 87.38; H, 
1262%). 

PQti diimidt &r&on of auks (2). Partial di- 
imidc redo&n of iMIwyophyffenc (2.04 g, 1Ommol) as 
described above i&c&d 80% camwsion into dibydrdmcuy- 
ophyiltnt (9896 GLC yield) as amdyscd by GLC. Pure dihy- 
droisxaryophyh was obtained by preparative GLC. (Found: 
C, 87.50: H. 12.85. Cak. for C,Jlr: C, 87.38; H, 12.62%). 
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