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Abstract—Absolute stereochemistry of mukulol, a diterpene alcohol, is established by chemical correlation with
cembrene-A and (+)-cis-piperitol. Synthesis of (+)-cis-piperitol and (-)-trans-piperitol from (+)-A’-carene is
described. A*-Carene oxide on exposure to silica gel passes into cis A*-p-menthen-1,8-diol.

We have already described' the isolation and gross
structure determination of mukulol (1), a diterpenoid from
gum-resin of Commiphora mukul. We now present
evidence for the geometry of the double bonds and the
absolute stereochemistry as depicted in 2.

In our earlier publication on Cembrene-A (6), we gave
evidence for the absolute configuration at Cis, but the
geometry of the three endocyclic olefinic linkages
remained to be clearly defined. Since then, both nOe
studies’ and a total synthesis’ have firmly established that
these ethylenic linkages are trans-configurated. Since
cembrene-A and mukulol co-occur in Commiphora

“Part III, Tetrahedron 29, 1595 (1973).

"MRC Communication No. 3.

In our earlier publication,’ configuration at C,, has been drawn
as opposite to that shown in 2. The earlier C..-configuration
assignment is based on the conversion of mukulol to (+)-cembrene
(9), which is known® 10 have S<hirality at C,, and this is
consistent with 2. The formula shown in our earlier publication
has been incorrectly drawn as a consequence of wrong
interpretation of sequence rule.”
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mukul, the Absolute Stereochemistry Biogenetic Rule*
suggests that mukulol should also have the same geometry
of the double bonds and the same absolute configuration
at Ci.. This is now confirmed by a direct chemical
correlation of mukulol and cembrane-A.

Cembrene-A was selectively hydrogenated (PtO-) to its
dihydroderivative (7), which was also obtained by
reductive cleavage of mukulol acetate (3; with Li, lig.
NH:) or the corresponding tosylate (4; with LAH). Either
of the two cleavage methods gave the hydrocarbon
product in only fair yield (~ 30%) and this consisted of the
desired 7 (~60%) and the anticipated® allylic rearrange-
ment product, the epimeric pair 8. Separation of these
hydrocarbons was readily achieved by silver ion-silica
gel chromatography. All three preparations of
dihydrocembrene-A (7) were completely identical (IR,
PMR, Mass, [al»), thus securing the geometry of the
ethylenic linkages and the absolute configurationt at C.
of mukulol as shown in 2. Structure 8 for the two
allylically rearranged hydrocarbons is obvious from their
spectral data (Experimental). Both these hydrocarbons

3:R=Ac

5: R =Me
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show a strong band at 975 cm™' in their IR spectra, clearly
indicating that the new disubstituted ethylenic linkage is
transconfigurated. The mass spectra of the two com-
pounds are virtually identical, while their PMR spectra
differ somewhat only in the olefinic proton region.
Configuration at C,. In order to establish the configura-
tion of the OH function in mukulol, its methyl ether was
degraded (Os; CrOs) to 10; this reaction was carried out
on the methyl ether rather than on the alcohol, as
ozonolysis of allylic alcohols is known® to lead, some-
times, to “‘abnormal’” products. This product was to be
compared with an authentic sample. Since, a priori, it is
not possible to assess how much the two epimers 11, 12
will differ in their spectral characteristics and other
physical properties, it was decided to prepare authentic
samples of both of these compounds. (+)-cis-piperitol
(13) and (—)-trans-piperitol (14) needed for this purpose
were prepared from (+)-A-carene (17) by a route, which
is briefly discussed later. Each of these compounds was
converted to its methyl ether, which was degraded in
exactly the same manner as mukulol methyl ether. The IR,
PMR spectrat and specific rotation of the final product
(11), derived from (+)-cis-piperitol (13) were completely
identical with the product from mukulol, thus fixing the
hydroxyl configuration in mukulol, as shown in 2.

Synthesis of piperitols (13,14) from A’-carene
(+)-cis-Piperitol (13) and (—)-trans -piperitol (14), which
were required for the above correlation, do not appear to
have been described earlier. We now report their
preparation from (+)-A’-carene (17). Epoxidation of
A’-carene'' with peracetic acid (in presence of NaOAc
and CH,Cl,) has been reported'” to furnish 20 (rather than
the epoxide 19), which, conceivably, can be converted
into piperitols. However, in our hands, epoxidation of

+The IR and PMR spectra of 11 and 12 are distinctly different.

20

A’-carene with peracetic acid (aq.) or perbenzoic acid
(CcHs) gave only 19, which, of course, could be
rearranged in a subsequent step of exposure to m-titanic
acid," to the required 20. For preparing 20 in guantity, it
proved expeditious to epaxidise the equilibrium mixture
of A and A’-carene, obtainable from base-catalyzed
isomerisation'' of A’-carene (18), and treat the product
with m-titanic acid, when only the A’-carene oxide (19)
rearranges to 20, which can be readily separated by
fractional distillation. NDuring these investigations, it was
found that A’-carene axide on exposure to silica gel
(chromatography conditions) rearranges' to cis-A™-p-
menthen-1,8-dio! (21).'**

(+)-cis-A™*-p-Menthadien-1-0l (20) on treatment with
NaOAc and AcOH yielded a mixture of piperitenyl
acetates (22; 40%)." This mixture was selectively
hydrogenated over tris (triphenylphosphine)
chlororhodium'® to furnish piperityl acetates. The product
was converted to the parent alcohol mixture by LAH and
then separated by fragtional distillation'” into pure 13 and
14. These compounds displayed [« };; of the same order of
magnitude (but of opposite sign) as have been recorded
for the corresponding antipodes.™

EXPERIMENTAL

All m.ps and b.ps are uncorrected. Light petroleum refers to the
fraction, b.p. 60-80°. Optical rotations were measured in CHCl,,
on a Schmidt + Haensch electronic polarimeter model Polatronic
1.

TLC was carried out on SiO,-gel layers (0.25 mm) containing
15% gypsum and activated at 110~115° (2 hr). AgNO(15%)}-Si0--
gel layers without binder were employed.””

The following instruments were used for spectral/analytical
data: Perkin-Elmer Infrared Spectrophotometer, model 267.
Perkin-Elmer model R32 (90 MHz) NMR Spectrometer; Varian
Mat CH7 Mass Spectrometer (70eV, direct inlet system);
Hewlett-Packard S700A gas chromatograph (Column: 360 cm X
Smm; 10% Carbowax 20M on Chromosorb W, 60-80; H:, as

AcO
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carrier gas), All PMR spectra were taken in 15-20% soln in CCl,
with TMS as internal standard; signals are reported in ppm (8).
While citing PMR data the following abbreviations have been
used: s {singlet), d (doublet), t (triplet), q (quartet), m (multiplet}
and b {broad). While summarising mass spectral data, besides the
molecular ion, ten most abundant ions {about m/e) are reported
with their relative intensities.

Purity of all new compounds was ascertained by GLC and/or
TLC.

2E,6E,10E-Cembratriene (1)

(i} From cembrene-A. Cembrene-A (600 mg) in EtOAc (S mb)
was hydrogenated over prereduced Adams PtO, catalyst (100 mg,
15 m! EtOAc) at 25° and atmospheric pressure, till one mole equiv
of H, had been absorbed (3 hr). Usual work-up gave a product
{550 mg). which was chromatographed over SiO—AgNO; (15%
AgNOs, 20x1.5¢cm) with TLC monitoring over SiQ~AgNO,
(solvent: 209 ether in light petroleum): Frac. 1; light petroleum,
40 mi x 2, 30 mg.Frac. 2; 50% C.H. in light petroleum, 30mix 2,
110 mg. TLC pure: M*, m/e 276, tetrahydroderivative. Frac. 3;
CoHe, 40 mix 3, 309 mg, TLC pure: M", m/e 274, dihydroderiva-
tive.

Frac. 3 was distilled to give 7 (2% mg): bp. 135-145°
(bathy0.2 mm, niy 1.5019, {aly —21.53° (¢ 3.07%). IR {lig.): no
significant band 890 cm ~'. PMR: Me,CH (two 3H doublets at 0.82
and 0.92 ppm, J = 6 Hz), three Me—‘f =C (9H, bs, 1.56 ppm), three

~$=CH—CH2 {3H, m, 4.96 ppm). Mass: m/e 274 (M"*, 36%}, 123

(65%), 108 (50%), 107 (48%), 95 (68%), 81 (100%), 69 (100%), 68
(92%), 67 (86%), 55 (100%), 53 (59%). {Found: C, 87.7; H, 12.5.
CzoH . requires: C, 87.6; H, 12.4%).

(1) From mukulyl acetate (3). A soln of mukulyl acetate' (1.0g)
in dry ether {6 ml} was rapidly added with stirring to a soln of Li
(1.0 g} in liquid ammonia {125 mi). After stirring for additional 20
min, the reaction was gquenched by adding MeOH {10 ml) and
worked up in the usual manner {extraction with ether) to give a
product {1.0g) which was chromatographed over SiO;-gel (IIA,
20x 1.5¢cm): light petroleum (50mlx 3) eluted a hydrocarbon
mixture (365 mg), while 10% ether in light petroleum (50 mix2
gave unchanged acetate (68 mg) and, C.H. (S0mlx4) yielded
mukulol (499 mg).

The hydrocarbon mixture (360 mg) was separated on a column
of SiO-gel-15% AgNQ, (20x1.5cm) with TLC monitoring
(SiO—gel-AgNO;, 20% ether in tight petroleum): Frac. 1; light
petroleum, S0mix2, rejected. Frac. 2; 5% ether in light
petroleum, 50 mi x 3, 208 mg, single spot, R, 0.35. Frac. 3; 10%
ether in light petroleum, 25 mix 5, 107 mg, single spot, R, 0.25.
Frac. 4: 20% cther in light petroleum, 50 mi x 3, 26 mg, single spot,
R, 0.20.

Frac. 2 was distilled: 170 mg, oil, n¥ 1.5016, lait ~17.77;
identified as 2E,6E,10E-cembratriene (7) by IR, PMR and mass
spectra.

Frac. 3 was distilled to give an oil (98 mg), b.p. 150-160°
(bath)/0.6 mm, n¥ 14973, a5 + 155 (¢ 0.99%). This hydrocarbon
was recognised as 1E,6E,I0E-cembratriene (8, epimer A). IR

NP

C=C 977 cm . PMR: Me.CH, MeCH (three 3H
H/ N - -

doublets at 0.78, 0.81 and 1.01 ppm, each J = 6 Hz), two Me—(ii =C

[{GA

(3H. s, 1.51ppm; 3H, s, 1.58ppm). two «?-—-CI;{—CHZ (2H, m,

4.96 ppm), ~C-C§_i=CB—(lI~ (2H; proton A, bd, 4.95ppm, Jas
15 Hz; proton B, q, 5.62 ppm, Jus 15 Hz, Jux 4 H2). Mass: m/e 274
(M*, 35%), 232 (42%), 121 (4095}, 109 (59%), 107 (44%), 95 (59%),
93 (44%), 81 (100%), 69 (48%), 67 (40%), 55 (60%).

Frac. 4 was distilled: 21 mg, b.p. 140-155° (bath)/0.5 mm, n¥
1.4975, [a iy ~82.79 (¢ 0.53%). This compound is identified as 1E,

H

Nec! 15

6E, 10E-cembratriene (8, epimer B). IR (liq.): Pt
H
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cm™'. PMR: Me:CH, MeCH {(three 3H doublets at 0.78, 0.83 and
0.98 ppm), two Me-?=C (3H, s, 1.55 ppm; 3H, s, 1.58 ppm), 4

olefinic protons (overlapping signals located between 4.7-54
ppm). Mass: mle 274 (M", 11%), 232 (22%), 121 (32%), 108 (50%),
107 (45%), 95 (56%), 93 (415%), 81 (100%), 69 (50%), 67 (42%), 55
(55%).

(iity From mukulyi tosylate (4). Since 4 could not be isolated, it
was subjected to LLAH cleavage without isolation.™ Mukulol
(580 mg, 2 mmole) in dry ether (20 ml) was added, dropwise, with
stifring to a suspension of NaH (%6 mg, 4 mmole) in dry ether
{40 ml) at 25° (N.). After stirring for | hr, p-toluenesulphonyl
chloride {763 mg. 4 mmole} in ether (10 ml) was added and the
mixture stirred for 12 hr. LAH (1.0g, large excess) was added in
small portions with stirring and after additional stirring for 6 hr at
25°, the mixture was worked up (by addition of | mi cold water,
followed by 3ml 15% NaOH aq and, 3 ml water) in the usual
manner. The product (540 mg) was separated, as described under
(i) above, mto a hydrocarbon portion (150 mg) and mukuiol
(350 mg). The hydrocarbon was resolved as before into 7 (4Smg
and 8 (mixture of epimers, 30 mg).

Mukulol methyl ether (8)

Mukulol (2.32g, 8 mmole) in THF (20ml) was added to a
suspension of NaH (600 mg, 25 mmole) in THF (15 ml) and stirred
at room temp. {30-35° for 6 hr. This was cooled (5°), Mel (4.32g,
30 mmole) in THF (15 ml) introduced (5 min) and the reaction
mixture stirred at room temp for 5hr. Usual work-up gave a
product (2.4 g} which was chromatographed over SiQ-gel {1IA, 50
cmx 1.5 cm): after light petroleum (50 ml x 4}, 50% CeH, in light
petroleum {100 mi x 3) eluted the required ether (5, 2.2g): b.p.
140-160° (bath)/t mm, [a 5 +65.58 (¢ 9.92%). IR {liq.): C=C 1667
ecm '; C-OMe 1100 cm '. PMR: Me,CH (two 3H doublets at 0.87
and 0.95 ppm, } =7 Hz), three Me~(‘3 =C (3H singlets at 1.58, 1.59

and 1.60 ppm), OMe (3H, s, 3.11 ppm), C=CH-?H~OMC (1H, d,
3.92 ppm, J=9Hz), two ~?=CH—CH2 (2H, bm, 5.0ppm),
—?=CH-?H—OM€ (1H, d, 5.23 ppm, J =9 Hz). Mass: m/e 304

(M”, 99%), 272 (23%), 123 (40%), 98 (100%), 8S (26%), 83 (33%), 8!
(41%), 69 (24%), 68 (37%), 67 (26%), S5 (41%).

Methyl (2R)-2-methoxy-(38)-3-isopropyl-6-oxo-heptanoate (11)

(1) From mukulol methyl ether. Mukulol methyl ether (1.0g) in
MeOH (60 ml) was ozonised at — 10° with ozonised O; (delivering
0.68g Oy/hr) till further absorption ceased (KI-AcOH test).
Solvent was removed under reduced pressure at 20°, the residue
taken up in acetone (6 mi) and treated® with Jones reagent™ at 0°
till a brown colour persisted (10 mi). After overnight (12 hr) at 20°,
the mixture was worked up in the usual manner to get total acid
mixture, which was esterified (CH.N,) to give crude methyl ester
mixture (679 mg). This was fractionated to remove a lower boiling
fraction (b.p. 130-150°/50 mm, 250 mg, essentially methyl levuli-
nate) and, the higher boiling fraction (b.p. 130-150°, bath/4 mm,
362 mg) purified by inverse-dry-column-chromatography™ (IDCC,
Si0x-gel, 20% diisopropyl ether in C.H, as solvent: n} 1.4423,
[all +28.54 (¢ 4.6%). IR (liquid): C=0 1715, 1750 cm™'. PMR:
Me,CH (6H, d, 0.93ppm, J =7 Hz), MeCQO (H, s, 2.03 ppm),
C-OMe (3H, s, 3.31 ppm), COOMe (3H, s, 3.72 ppm). Mass: m/e
230 M, 198, 173 (RS%), 171 (45%), 139 (59%), 113 (100%), 85
63%), 81 (53%), 71 (94%), 69 (86%), 59 (53%), 55 (88%). (Found:
C, 61.65; H, 9.26. C,H,,0. requires: C, 62.58; H, 9.63%).

(i) From {+)-cis-piperityl methyl ether (15). Methy! ether 15
(168 mg) in MeOH (30ml) was degraded exactly as described
under (i} above to furnish 11 (45 mg), {ely +28.2 (¢ 2.0%).

Methyl (28y-2-methoxy-(38)-3-isopropyl -6-o0xo-heptanoate (12)
(—)-trans 16 (100 mg) was degraded exactly as above to furnish
12: b.p. 100-120° (bath)2 mm, [}y —31.43 (¢ 2.4%). RRT with
respect to 11, 1.05 (temp 190°). IR (liquid): C=0 1715, 1740 cm *.
PMR: Me.CH (3H, d, 089 ppm, J=7Hz; 3H, d, 092 ppm,



1440

J=7Hz), MeCO (3H, s, 2.07 ppm), C-OMe (3H, s, 3.31 ppm),
COOMe (3H, s, 3.72 ppm). Mass: m/e 230 (M™).

(+)-2a,3a, Epoxycarane (19)

(+)-A%Carene"’ (1.5g) in CsHe (5ml) was added to a soln of
perbenzoic acid in benzene (60ml, 0.24 molar) at 10°. After
another 3hr at the same temp, the mixture was worked up to
furnish a product (1.5 g), b.p. 60-75° (bath)/2 mm, which by GLC
was essentially pure: RRT with respect to 3a,4a-epoxycarane 0.95
(temp 150°); n} 14702, (a ] +67.67 (¢ 4.5%). IR (liquid): 1300,
1250, 1227, 1190, 1160, 1140, 1115, 1065, 1020, 965, 945, 880, 866,
850, 790, 770, 706 cm™'. PMR: Me,(lj— (6H, s, 1.07 ppm),

: |
Me-C-0 (3H, s, 1.19 ppm), -C-CH- (1H, bs, 2.79 ppm).

| No”

In the above preparation, 35% aq. peracetic acid (prepared by
the azeotropic distillation method)®® can be substituted for
perbenzoic acid with similar results.

cis-A’-p-Menthene-18-diol (21)

The above carene oxide (300 mg) in light petroleum (2 ml) was
charged in a dry column of SiO~gel (TLC grade, I1A, 6g). After
Shr, the product was eluted with C(He and C.Hs containing
increasing quantities of EtOAc, when 60% EtOAc in CHe eluted a
solid (190 mg), which was crystallised from acetone, white needles
(125 mg), m.p. 113-114°, {a 13 + 44.65 (¢ 1.0%). Lit.,”* m.p. 114.5°.
Spectral (IR, PMR, mass) characteristics as reported in Lit."**

(+)-cis-A?*-p-Menthadien-1-ol (20)

The equilibrium mixture'' of A’- and A*-carene (56 g; A’carene
content ~40%) in toluene (100 mi) was introduced dropwise with
stirring to a mixture of 35% peracetic acid aq*’ (150 ml), toluene
(200 ml) and powdered K,CO, (100 g), while maintaining the temp
at 0 to —5° After 3hr at this temp, the toluene layer was
separated, washed with 109% NaOH aq (60 mi x 3), water and brine
and dried (N2,S0.). Solvent removal gave a product (58 g), shown
by GLC (150°) to contain 82% oxide mixture consisting of 37% 19
and 63% A’-carene oxide.

If in the above preparation lesser amounts (50-75 ml) of perace-
tic acid were used, the product was richer in 19, as A’-carene
reacted preferentialty, Thus, an epoxidation mixture (200 g) con-
taining A’-carene oxide (25%), A’-carene oxide (23%) and un-
changed hydrocarbons (52%), obtained this way, was slowly
introduced, with stirring, to a suspension of meta-titanic acid
(10 g) in light petroleum (200 mi), at a rate that the temperature
was not allowed to exceed 35°. After stirring for another 3 hr at
room temp {(~ 30°), GLC (150°) indicated complete isomerisation
of 19, while A’-carene oxide remained unchanged. The catalyst
was removed by filtration, the product freed of solvent and
carefully fractionated at 8 mm, when a pure fraction (40g) of
(+)-cis 20 was obtained: b.p. 100~105°/8 mm, n¥ 1.4922, (a}iy
+151.2° (¢ 4.2%). (cf. Lit.;'** spectral characteristics—IR, PMR,
mass—as reported in Lit.).

Piperitenyl acetates (22)**

To a mixture of NaOAc (20 g) and AcOH (150 ml), the above
alcohol (25g) was added (10 min) and the mixture stirred and
heated at 40-45° for 12 hr, and then worked up in the usual
manner. The product consisted (GLC, 150°) of unreacted 20 (43%),
22 (42%) and hydrocarbons (15%). The product (44g) was
chromatographed over SiO-gel (IIA, 100x3.5cm). Light pet-
roleum (300 mi x 4) eluted hydrocarbons, while 50% benzene in
light petroleum, (300 ml x 5), next eluted 22 (17 g): b.p. 60°/1 mm,
n® 14776, [al® -3.04 (¢ 12%). This product is a mixture of
epimers (22), but showed a single peak in GLC (150°). The product
(IR: OAc 1736, 1240 cm™'; C=CH, 890, 910 c¢cm '. PMR:
-C=CH-CH-, a bd and a bs in the ratio 1:2, centered respec-

| !

OAc
tively at 5.6 and 5.33 ppm; —(|? =CH—$B~CH. illresolved broad

OAc
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signal centred at 5.30 ppm; -?=Cl’_{z. bs, 4.75 ppm), without
further separation was used in the next step.

Piperitols (13,14)"°

The above piperitenyl acetates mixture (16 g) in thiophenefree
benzene (30 ml) was introduced into prereduced Wilkinson catal-
yst'® (800 mg) in benzene (30 ml) and hydrogenated at 25° and
760 mm till further absorption of H, became very sluggish (3 hr;
H. absorption—!1 mole equiv). Usual work-up gave a product
(15 g, mixture of piperityl acetates) which was taken up in dry
ether (100 ml) and reduced with LAH (excess, 2.0 g) in the usual
manner (3hr, 25°). Work-up with water and NaOH aq gave a
product (13.5 g) containing chiefly 13, 14 in the ratio 1:2 (GLC,
150°. RRT: 13, 1; 14, 1.17). This product (11 g) was fractionated at
1S mm, using a high efficiency column:**

(+)cis-Piperito! (13). B.P. 96°/15 mm, m.p. 11°, [a]5 +218.3°
(CsHs, ¢ 2.1%). Lit."® [a]n for the (—)-antipode, —246° (CoHe).
PMR: Me.CH (3H, d, 0.93 ppm, J=6.5Hz; 3H, d, 0.97 ppm,
J=6.5Hz), Me—(P2=C (3H, s, 1.67 ppm), —(f HOH (1H, unresolved

m, 4.03 ppm, W, = 6 Hz), —(|3=Cl;l~(liHOH (1H, bd, 5.60 ppm,

J =5 Hz). Methyl ether (15), prepared exactly as described above
for 5. [alyy +316.8° (¢ 2.5%). IR (lig.): OMe 1088, 1098 cm™"'.
PMR: MeCH (6H, d, 0.80 ppm, J =7Hz), M&([I=C (3H, s,

1.69 ppm), OMe (3H, s, 3.17 ppm), -(IIHOMe (1H, t, 3.44 ppm,
J=45Hz), —(|3=Cl_{. ([ZHOMe (1H, bd, 5.60 ppm, J =4.5 Hz).

(~)-trans-Piperitol (14). B.p. 98°/15 mm, {als —25° (CeHs, ¢
2.1%). Lit."* (a5 for the (+)-antipode, +28° (C¢H.). PMR: Me,CH
(3H, d, 0.84 ppm, J = 7Hz; 3H, d, 0.96 ppm, J = 7 Hz), Me—(lI=C

(3H, s, 1.67 ppm), ~(‘ZHOH (1H, unresolved m, 3.91 ppm, Wy =
7Hz), -(l3=Cl;l-|CHOH (1H. bs, 5.34 ppm, W, = 3.5 Hz). Methy!

ether (16), [a ), —77.43° (¢ 3.1%). PMR: Me,CH (3H, s, 0.82 ppm,
J=7Hz; 3H, 5, 0.93 ppm, J =7 Hz), Me—(|?=C (3H, s, 1.67 ppm),

OMe (3H, S, 3.23 ppm), —(llleMe (1H, unresolved m, 3.55 ppm,

w=17Hz), -(':=CH~(|:HOMe (1H, bs, 5.44 ppm, W, = 3.5 H2).

REFERENCES

'V. D. Patil, U. R. Nayak and Sukh Dev, Tetrahedron 29, 341
(1973).

22V, A. Raldugin, A. I. Rezvukhin and V. A. Pentegova, Khim.
Prir. Soedin 598 (1971); " V. A. Raldugin, N. K. Koshtanova and
V. A. Pentegova, Ibid. 604 (1971).

M. Kodama, Y. Matsuki and S. Ito, Tetrahedron Letters 3065
(1975); Also see: T. Kato, T. Kobayashi and Y. Kitahara, Ibid.
3299 (1975).

“A. H. Kapadi, R. R. Sobti and Sukh Dev, Ibid. 2729 (1965).

’See, e.g. A. S. Hallsworth, H. B. Henbest and T. I. Wrigley, J.
Chem. Soc. 1969 (1957).

*W. G. Dauben, W. E. Thiessen and P. R. Resnick, J. Am. Chem.
Soc. 84, 2015 (1962).

R. S. Cahn, C. Ingold and V. Prelog, Angew. Chem. Internat.
Edit. 5, 385 (1966); also cf F. J. Schmitz, D. J. Vanderahand L. S.
Ciereszko, Chem. Comm. 407 (1974), footnote 7.

¥A. S. Narula and Sukh Dev, Tetrahedron Letters 1733 (1969).

°See, ¢.g. P. S. Bailey, Chem. Rev. 58, 947 (1958).

*However, cf J. C. Leffingweli and R. E. Shackelford, Cosmetics
and Perfumery 89, 69 (June 1974).

"G, Ohloff, K. H. Schulte-Elte and W. Giersch, Hely. Chim.
Acta 48, 1665 (1965); °S. P. Acharya and H. C. Brown, J. Am.
Chem. Soc. 89, 1925 (1967).

2¢K  Gollnick and G. Schade, Tetrahedron Letters 2335 (1966);
*G. Ohloff and W. Giersch, Helv. Chim. Acta 51, 1328 (1968).



Chemistry of ayurvedic crude drugs—IV 1441

], O. Bledsoe, J. M. Derfer and W. E. Johnson, U.S. Pat. No. E. J. Corey and K. Achiwa, J. Org. Chem. 34, 3667 (1969).

3,814,733 (1974). 21K, Bowden, I. M. Heilbron, E. R. H. Jones and B. C. L.. Weedon,
“Sukh Dev, J. Sci. Industr. Research 31, 60 (1972). J. Chem. Soc. 39 (1946).
*J. P. Bain, U.S. Pat. No. 2,935,526 (1960). 2y, K. Bhalla, U. R. Nayak and Sukh Dev, J. Chromatog. 12, 189
'*]. A. Osborn, F. H. Jardine, J. F. Young and G. Wilkinson, J. (1963).

Chem. Soc. (A) 1711 (1966). See: D. Swern, Organic Peroxides (Edited by D. Swern), Vol. 1,

'"A. K. Macbeth, B. Milligan and J. S. Shannon, ibid. 901 (1953); pp- 349-353. Wiley-Interscience, New York (1970).

Also see: A. F. Thomas, B. Willhalm and J. H. Bowie, Ibid. (B)  *R. A. Jones and T. C. Webb, Tetrahedron 28, 2877 (1972).

392 (1967). **We used Adiabatic Annular Teflon Spinning Band Still, model
'A. K. Macbeth and J. S. Shannon, Ibid. 2852 (1952). NFT-51 (80 theoretical plates), supplied by Nester/Faust
"R. S. Prasad, A. S. Gupta and Sukh Dev, J. Chromatog. 92, 450 Manufacturing Corporation, Newark, U.S.A.

(1974).



