346 J. CHEM. RESEARCH (S), 2000

SHORT PAPER J. Chem. Research (S),
2000, 346-347

Surface-mediated chemospecific hydrobromination of

limonene: stereoselective transformation of the

enantiomers of limonene into a-terpinyl bromide’

Antonio Manzolillo Sanseverino, Marcio C.S. de Mattos*
and W. Bruce Kover

Departamento de Quimica Orgénica, Instituto de Quimica, Universidade Federal do Rio de
Janeiro, Caixa Postal 68454, 21945-970 Rio de Janeiro, Brazil

(R) and (S)-a-terpinyl bromide can easily be prepared in excellent yields by reaction of (R) and (S)-limonene, respec-
tively, with PBr; / SiO, in dichloromethane.

HBr adds readily to most alkedepredominantly with  product was characterized by analytical methods and by com-
Markovnikoff regiochemistry. However, unless the substrate isparison with the previously reported boiling péiahd spec-
rigorously purified (alkenes readily absorb oxygen from thetral data® No significant amount of the regioisomer or
air) and the reaction media is isolated from light and air todiaddition products were detected in the crude reaction mix-
avoid formation of small amounts of peroxides, competingture by the analytical procedures employed (HRGC, high-
radical-chain addition to give the anti-Markovnikoff products resolution gas chromatographyl and 3C NMR). Chiral
occurs? As the generation and transfer of the hygroscopic gatiRCG of the R)—(+)-a-terpinyl bromide purified by
HBr is both inconvenient and difficult to perform stoichiomet- reduced-pressure distillation showed > 72e#% The same
rically,! alternate methodologies for performing hydrobromi- reaction applied toS)-(-)-limonene producedS-(-)-a-ter-
nation of alkenes are of great interest. Kropp and coworkerpinyl bromide in nearly the same vyield (85%). Chiral-HRGC
showed that oxalyl bromide or bromotrimethylsilane undergoof product indicated > 49%e but this low value is because
hydrolysis in the surface of silica gel to generate kBsitu, the ©-(-)-limonene employed was initially of low enan-
which produces alkyl bromides in high yieldga highly tiomeric purity (> 80%). In fact the stereoselectivities (76% vs
Markovnikoff additions to olefin3. 61%) are similar (Scheme 2).

a-Terpinyl halides 1) [4-(1-halo-1-methylethyl)-1-methyl-
cyclohexene], are precursors of diverse 8-substituted
p-menthenes2)® and in previous work we have studied the
preparation of the chloridelq) by hydrochlorination of .
limonene B) using diverse methodologiegScheme 1) PBr3 /8i03
Curiously,a-terpinyl bromide 1b) is scarcely cited in the lit-
erature’, probably due to its difficult preparation. It can be CH,Cl / 15 min/r.t.
prepared by hydrobromination of limonene by performing a XN
laborious addition of dry HBr in light petroledndinydr-
bromination is easy to perform producing batls- and o
transdibromide¥. Other methodologies are the low-yielding X 990/" ee R:93% (72 % ee)
hydrobromination of 3-carefeand the TiBj-PhNHMe- ~ §:80% ee §:85% (49 % ee)
complex-induced cyclization of ner®l. (crude chemical yields)
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Scheme 2
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! ngg;‘%}& e showed partialda 27 %) racemization. This result could be
Ty ® explained by a competing reversible reversible hydride migra-
3 1a:X=Ct 2 tion to give an achiral intermediaté)(an isomer of the ini-
b:X=Br tially formed: carbenium ion (Scheme 3). Similar results were

observed for9-(-)-a-terpinyl bromide.

Several attempts to perform hydroiodination of limonene
As part of our continuing interest in chemo- and regiospecificusing P} / SIO, or MeSil / Si0;" or P /1, / SiO, under dif-
functionalization of 8,9-double bond limoneh®we now ferent reaction conditions (tempe_ratyres, molqr ratlo_s) _Ied to
communicate our results for surface-mediated hydrobrominaSéveral products, some of them with incorporation of iodide in
tion using the cheap and readily available R&rHBr donor. the substrate (determined by HRGC-MS). Attempts to per-

The hydrobromination ofR)-(+)-limonene (99%e@ was  form hydrofluorination of limonene with CaFH,SO, ' were
carried out by stirring together a suspension of 10 mmol ofisappointing as only oligomerization of limonene without
limonene with 4 mmol PBrand 5 g of silica gel in Incorporation of fluoride was detected by HRGC-and IR.
dichloromethane for only 15 min at room temperature which !N conclusion, the preparation of both enantiomers-tr-
led to R)-(+)-a-terpinyl bromide in 93% crude yield. The Pinyl bromides with reasonable enantiomeric excess is easily

achieved by silica gel mediated reaction of PBiith
* To receive any correspondence. E-mail: nmattos@iq,ufrj.br limonene. The yields are high, there is no need to generate

T This is a Short Paper, there is therefore no corresponding material i r}hydrous HBr, or use dry!ng agents. Moreover, the
J Chem. Research (M). utilization of PBg as HBr donor is very convenient because it
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is considerably cheaper than the alternative reagents, eaS|Iy

available, and more useful in atom econddny.

Experimental

(R)-(+)-Limonene {Dieberger,d],2 + 118.7 (neat), lit? [a],2° +
125.6 (neat)} [95 % (polarimetry), 99%e (chiral-HRGC)] was dis-
tilled at 177°C (lit!? 178°C) and stored in a freeze®)-(-)Limonene
{Aldrich, [a],2® — 103.4 (neat), lit? [a],2° —122.1 (neat)}[85 %
(polarimetry), 80%ee (chira-HRGC)] was used without further
purification. SiQ (Aldrich, 270-70 MESH, 60 A), PBr(Merck), and
other chemicals were used as recel\}bUNMR and®™C NMR were
acquired on a Bruker AC-200 (200 MHz and 50 MHz, respectively)
spectrometer in CDGlsolutions with TMS as internal standard. IR
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no more gas was liberated) and brine (2x). The organic extract was
then dried (MgSQ). The solvent was evaporated in rotary evaporator
at reduced pressure to give a light yellow residue (93% based on
limonene) that showed good purity by HRGC. This residue was dis-
tilled over a short path at 86-87°C / 3 torr {li.08—112 / 12 Torr)
with eicosane as chaser, obtaining 0.50 g-térpinyl bromide (23 %
from limonene). ¢] ;26 + 25.5 (¢ 1.00, CECL,), 72%ee (by chiral-
HRGC).§, 5.37 (broad s, 1H), 2.23-1.89 (m, 7H), 1.80 (s, 3H), 1.74
(s, 3H), 166 (s, 3H) ppmd. 134.0, 120.1, 73.5, 47.4, 32.6, 31.6,
30.9, 28.2,26.0, 23.2 ppm é(x/crrr1 (film) 2966, 2928, 2835, 1455,
1369, 1110, 916, 801, 784, nz(%) 41 (31), 69 (40), 81 (100), 93
(43), 121 (35), 136 (35), 137 (56), 216 {M8), 218 (M + 2,8).
(9)-(-)-a-Terpinyl bromide Same as aboveSk(-)-limonene used
instead of R)-(-)-limonene, 85% obtainedn],2° — 18.6 (c 1.00,
CH,CL,), 49 %ee(by chiraL.-HRGC).

We thank PADCT/CNPq for financial support. AMS and

WBK thank CNPq for fellowships. We also thank Ms Flavia
Martins da Silva (IQ/UFRJ) for helpful discussions and sug-
gestions and Prof. Maria da Conceicdo K.W. Ramos
(IQ/UFRJ) for the chiral-HRGC analysis.

Received 21 February 2000; accepted 5 May 2000
Paper 99/197

References

1 P.J. Kropp, K.A. Daus, M.W. Tubergen, K.D. Kepler, V.P. Wilson,

S.L. Craig, M.M. Baillargeon and G.W. Bretoi, Am. Chem.

Soc, 1993,115, 3071.

F.R Mayo and C. Wallingzhem Rey 1940,27, 351.

(a) S. Srinivas, P. Srinivas and K.N. Gurudutd. J. Chem

1998,37B, 1174; (b) K.N. Gurudutt, R. Rao, P. Srinivas and S.

Srinivas,Ind. J. Chem 1997,36B, 1169; (c) K.N. Gurudutt, R.

Rao, and P Srinivasnd. J. Chem 1991, 30B 343; (d) B.

Ravindranath and P. Srinivded. J. Chem 1985,24B, 1178; (e)

K.N. Gurudutt, B. Ravindranath and P. Srinivdstrahedron

1982,38, 1843.

4 M.C.S. de Mattos and A.M. SanseveriBynth Commun2000,
30, 1975.

5 (a) A.F. Thomas and Y. BesieMat. Prod. Rep 1989,6, 291; (b)

J. VergheseRerfum. Essent. Oil Red 968,59, 439.

R.F. BaconPhillip. J. Sci. (A) 1909,4, 93.

L. Borowiecki,Roczniki Chem 1965,39, 257.

3

6
7

spectra were recorded on a Perkin-Elmer 1600 FT-IR spectrometer,
(KBr film). Polarimetric analyses were done on a Jasco DIP 370
polarimeter. MS were obtained on a Hewlett-Packard HP5896-A
HRGC-MS using electron impact (70 eV). Chiral-HRGC analyses
were performed on a CYCLODEXB column (resolution of both
enantiomers of limonene) or on a DIMETBCD / SE-54 column (res-
olution of the enantiomers of-terpinyl bromide).

(R)-(+)- a-terpinyl bromide To a stirred suspension OR)¢(+)-
limonene (1.36 g, 10 mmol) and Sji( g) in CHCI, (25 ml), a solu-
tion of PBr (1.10 g, 4 mmol) in CECI, (10 ml) was added over 11
15 min at room temperature. After addition, the suspension was
stirred for 2 min and then filtered. The Si@as washed with C}€I, 12
(15 ml). The combined liquid was washed with 10 % NakgQ@til

8

10

A. Itoh, T. Saito, K. Oshima and H. NozaBull. Chem. Soc.
Jap, 1981,54, 1456.

9 (a) M.C.S. de Mattos and S.M. Elids,Braz. Chem Sqcl1995,

6, 377 and references cited therein; (b) M.C.S. de Mattos, W.B.
Kover, F. Aznar and J. Barluenggtrahedron Lett 1992, 33,
4863; (c) M.C.S. de Mattos and W.B. Kov@uim. Noval991,

14, 91.

G. Rothenberg, M. Royz, O. Arrad and Y. Sasdoighem. Soc.
Perkin Trans 11999, 1491.

(a) B.M. TrostAngew. Chem. Int. Ed. Engll995,34, 259; (b)
B.M Trost,Science1991,254, 1471.

R.C. Weast (Ed.xandbook of Chemistry and Physié&h ed.
CRC Press, Boca Raton, 1985, C-361.



