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Abstract—The chemical shifts of “‘axial” vs “‘equatorial” Me protons of some gem-dimethylcyclobutanoids
derived from a-pinene, arising from magnetic anisotropy of the ring and as influenced by vicinal sub-
stituents, are discussed. Conformational aspects of some cis- and trans-pinonic, pinononic and pinic acids
have been elucidated on the basis of NMR evidence.

FRroM a recent study of the NMR spectroscopy of cis- and trans-pinane and related
compounds Nakagawa et al.’ and later Miihlstidt et al.* observed magnetic aniso-
tropy in the puckered bridged cyclobutane systems. The conclusions drawn by the
Japanese workers® were found to be valid even in the case of unbridged cyclobuta-
noids as revealed from the preliminary findings of the present authors who furnished
additional NMR data? on essentially four cyclobutanoids derived from a-pinene (1)
by rupture of the cyclohexene bridge.’ Besides bringing to light further factors to be
taken into consideration in the interpretation of the observed chemical shifts for the
gem-dimethyl protons, the present study helped to demonstrate for the first time the
successful use of NMR spectroscopy in arriving at the stereochemistry of pinonic,
pinononic and pinic acids and their esters.

In Tables | and 2 are assembled the NMR data for the gem-dimethylcyclobutanoids
2-15.1 An examination of the chemical shifts of the “axially’’®® oriented a-Me protons
vs the ‘“‘equatorially”®? oriented B-Me protons in compounds 8] to 15 (Table 1) and
2to 7 (Table 2)revealed the following features.

Firstly, the signal for the equatorial Me protons usually occurs at higher field than
the corresponding signal for the axial Me protons as also observed in bridged cyclo-
butanes.>* However, the equatorial Me protons signal is shifted even further down-
field, relative to axial Me protons signal, in the presence of an adjacent trigonal
carbon (compounds 9 to 11; Table 1) or cis-oriented electron withdrawing groups
(compounds 3a, 5a, and 7a; Table 2).

* Taken from the Ph.D. Thesis (Indian Institute of Science, 1968) of L. R. Subramanian.

T These cyclobutanes (with no implication of absolute configurations) are presented by puckered
conformations,® shown 1n the sequel to be consistent with the NMR data.

1 The hydroxy ester (8) derived from 2c by Baeyer-Villiger cleavage’ was represented wrongly by the
1,3-cis-diaxial conformation in our preliminary communication,? which led to the wrong conformational
representation of other related structures too. Though the opening of the cyclohexene bridge in a-pinene
during its oxidation would initially give the less stable 1,3-cis-diaxial pinonic acid (2a), the cyclobutane
ring of 2a would immediately flip over to the corresponding more stable 1,3-cis-diequatorial conformation
(2b), for which chemical evidence was adduced.®
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Secondly, the statement?: * that the chemical shift of the axial Me protons (occurring
at 63-64 Hz? or 71-80 Hz) is not affected by substituents elsewhere is to be qualified.
We have observed in our present study that the axial Me protons signal also, like its
equatorial counterpart, is remarkably affected by vicinal electron withdrawing
functions and is shifted downfield (up to 87 Hz; compounds 2b, 2¢, 4, 5a, 6a, 6b and
12). However, an adjacent ketonic carbonyl does not appear to shift the axial Me
protons signal to lower field (compounds 9 to 11) as it does with the equatorial Me
protons signal.

The value of the secondary Me protons resonance signal (50 Hz; Table 1) in
pinonone (12) is consistent with its equatorial nature, in agreement with its formation!
from 2b in which the equatorial —CH,CO,H was converted to —Me by the Huns-
diecker procedure.

In compounds 13, 14 and 15 (homogeneous by TLC and GLC; Table 1) on the
higher field side of the equatorial Me protons signals (59—61 Hz) another signal is
noticed (52-53 Hz, J = 7-8 Hz) which gives it the appearance of a doublet. In our

TABLE 1.* NMR DATA OF GEM-DIMETHYLCYCLOBUTANOIDS 8 TO 15

gem-Dimethyl signals Other proton signals
Compound centered at (in Hz) (in Hz)
H, CO,CH, 95(2H,m)  ...a
ot/ 136 3H,m)  ...b
«-63 (3H,s); B-54 3H,5) 183 (1H, brs) ...c
v S b 217
i OH. 222} (4H, merged) d, e
8
H CO,CH,CH,
“"n/ a-63 (3H, s); B-72 (3H, s)
—CO,CH,CH,-74 (6H) See Ref. 11
: X (t,J = 7Hz)
o
9
H b
*  CO,CH,
e 152-175 (3H, m) ...a
B 220 3H, ...b
P f ™ 69 GH, 5); B8 SH,5) 594 Ea 12 7 Hz). .. olcis)
a H. 322(d,J = 9 Hz)... dtrans)
10
H, d
ounpCO1CH
B £ %, s 104 (2H, m) ...a
« g, $=o «-69 (3H, s); B-55 (3H, 5) :gg g’g 2; ":
b , e » .-
o «-63(H,9;B-2GH,) 0o Y
280 (1H, m) e
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1t



Studies in terpenoids—XIII

1751

H
o a-74 (3H, s); p-47 (3H, s}; See Ref. 1
>CH—CH;—50(3H,d, J = 6 Hz)
a &\ 12
H, b
-L‘muuf/ CO,CH,CH, 90-121 .. Ring methylenes
a-64 (3H, s); p-61 (3H, s)t 130-149 ...a
> Z 242 (2H, q) ..b
_a H 13
H. b
umn.'/COICH3 3
88-123 .. Ring methylenes
BA a-63 (3H, s); B-59 (3H, s)t 128-146 ...a
H e 212(3H,s) ..b
& H o 14
H
i CH iOl:’ 84-128 .. Ring methylenes
a-63 (3H, s); B-60 (3H, s)t 111 (s) ...a
< B 208 (t) ..b
& H s

* The NMR spectra of all the compounds reported in this Table were taken on a Varian A-60 spectro-
meter in CCl, soln with TMS as the internal standard.

t The equatorial B-Me protons signal (compounds 13, 14 and 15) is not centered with respect to the
observed “‘doublet”, as the authors are not sure of the long range coupling involving this Me.

preliminary communication? a suggestion was made of a possible long range (40)
coupling between the equatorial Me protons and the vicinal axial cis-protons on the
wrong assumption of the absence of such axial cis-protons in 8 and 9 in which the
equatorial Me protons occurred as a singlet only. However, as already explained, this
wrong assumption arose trom assigning the less stable 1,3-diaxial conformation
2a to cis-pinonic acid from which followed the other wrong conformations. We are
however, unable to explain the observed high field signal.

In the diester 11 which incorporates both the hydroxy ester moiety (8) and the keto-
ester moiety (9), the NMR signals for the gem-dimethyl groups (o, B, o and p’) are
reminiscent of 8 and 9. The lower field shift from 63 Hz in 8 to 69 Hz in 11 for the
signal of the axial Me protons may be due to the introduction in 11 of the grouping

—O—C=0 in cis-disposition with respect to the axial Me group.

An account is now given of the stereochemical information gleaned from an exami-
nation of the NMR spectra of pinonic, pinononic and pinic acids and their esters
(Fig. 1 and Table 2). The stereochemical data obtained earlier were based on chemical
transformations® (involving laborious degradations and syntheses) of compounds,
the stereochemical structures of which were sometimes wrongly assumed, leading at
times to inaccuracy of arguments and conclusions.*

* Details of these and other controversial aspects will be dealt with elsewhere.
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O/
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““’H

H T E; CO,H
dU .
ﬁ - L CO,H Y CO,H ‘/&'“ml}-{

AW

3 4 Sa 5b
H o £0.CH, ;co,cu,
jfunm/ 2 COZCHJ "HIHIH
H CO,R H 5 CO,CH,
6a:R=H 7a T
b:R = CH,
FiG. 1.

The low field signals (82 Hz and 87 Hz respectively) for the axial Me protons in
cis-(+ }-pinonic acid (2b) and cis-(+ }-pinononic acid (4) compared to the normal value
of 63 Hz may be explained on the basis of the deshielding influence of the cis-keto-
methyl function in 2b and of both the adjacent cis-ketomethyl and cis-carboxyl
functions in 4. The signals for the equatorial Me protons in 2b, 2¢ and 4 occur as usual
at the high field (5458 Hz), since there are no cis-deshielding groups with respect to
the equatorial Me. A slight high field shift in both the axial and equatorial Me signals
may be observed in 2¢ compared to 2b. This trend, on esterification, is also reflected
in the gem-dimethyl signals of pinic acid and its ester, 6a and 6b respectively. In the
equilibrium mixture of methyl cis- and trans-pinonate (2c and 3a) the high intensity
signals (axial 79, and equatorial 50 Hz) corresponds to 75%, of the cis-isomer. In the
trans-isomer (3a) the influence of the adjacent cis-ketomethyl on the equatorial Me
is clearly seen as reflected by the displacement of its signal to 71 Hz (from 50 Hz in the
cis-isomer), while the axial Me signal retains its normal value (60 Hz) (cf. 8 to 11 and
13 to 15). Apart from mechanistic considerations (vide infra), these values conclusively
rule out the alternative conformation 3b for the methyl trans-pinonate present in the
equilibrium mixture. The axial and equatorial Me signals for trans-pinonic acid (Sa)
demonstrate the cis-disposition of (i) the equatorial Me and the axial ketomethyl
groups and (ii) the axial Me and the equatorial carboxyl groups. The alternative
conformation 5b is not considered both from the point of view of the observed magni-
tude of the downfield shift of the equatorial Me signal (80 Hz) and the manner of
obtaining it® [aqueous alkali isomerization of cis-pinononic acid (4) fixes the carboxyl
as its anion while enolizing the ring hydrogen adjacent to the ketonic carbonyl].



Studies in terpenoids—XIII 1753

TABLE 2.* NMR DATA OF PINONIC, PINONONIC AND PINIC ACIDS AND ESTERS

gem-Dimethyl Signals  Other proton signals

Compound centered at (in Hz) (in Hz)
. COA 125(3H,s) ...a
i 108-160 b
o-82 (3H, 5); B-54 (3H, s) 178 (1H, 1) c
| b ).
¢ 2 698 (1H,s) ...d
CRs
2b,R=H
°H Coﬁ 118(3H,s) ...a
, _CO, . 102-145  ...b
Ul a-78 (3H, s); B-50 (3H, s) 171 (1H, 1) ..c
y . 216(3H,s) ...d
5 PN
2¢,R = CH,
Equilibrium mixture 2c: &-79; B-50 Complex
of 2¢ and 3a 3a 0-60; p-71 P

101-186 (4H)...a
a-87 (3H, s); B-58 (3H, s) 124 3H,s) ...
643(1H,s) ...c

97-196 (4H). ..
2-70 (3H, s); B-80 (3H, s) 125 (3H,s) ...
652(1H,s) ...c

(=

IH c

e COR 76-148  ...a

H «-74 (3H,s); p-61 3H,s) 167 (1H,m) ...b

B\A_ b 686 (2H,s) ...c
H CO,R°
6a,R =H

Dimethyl Pinate 6b: 2-72; B-53 :2(3)“‘1‘::' R

(6b + 7a) Ta: a-60; B-66 (IH,m) ..

216 (6H,s) ...c¢

* The NMR spectra of 2¢, equilibrium mixture of 2¢ and 3a and equilibrium mixture
of 6b and 7a were taken on a Varian A-60 spectrometer in CCl, solution with TMS as
the internal standard. CDCl, was used as the solvent for compounds 2b, 4 and Sa.
The NMR spectrum of compound 2b was taken on a Perkin—-Elmer Model R-12 spectro-
meter.
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The cis-stereochemistry for pinic acid (6a), m.p. 101-102°, and its dimethyl ester
(6b) finds support from the present study of their NMR spectra. The axial methyl
proton signals in 6a and 6b are shifted downfield from the normal value 63 to 72-74 Hz

because of the vicinal ¢is-O=—C—OR functions. In dimethyl trans-pinate (7a) obtained
as a 209, mixture along with dimethyl cis-pinate (6b, 80°(; calculated on the basis of
intensities of the gem-dimethyl signals) by the esterification of 6a involving equili-
brating conditions the normal value (60 Hz) of the signal for the axial Me protons
1s restored, whilie that of equatoriai Me is dispiaced downfieid (66 Hz) because of the

vicinal cis O—C—OMe function. The alternative conformation 7b for dimethyl
trans-pinate is ruled out for the same reasons as Sb was ruled out (vide supra) for
trans-pinononic acid. From these data it is clear that cis-pinic acid (6a),m.p. 101-102°,
like cis-pinonic acid (2b) and cis-pinononic acid (4), takes up the cis-1,3-diequatorial
conformation, which also explains the difficulty in obtaining the anhydride and other
cyclization reactions of 6a.1° A similar difficulty was experienced in converting the
cis-diequatorial hydroxy acid (corresponding to 8) to the d-lactone,'! the formation
of which would involve a flip over to the more energy demanding cis-1,3-diaxial con-
former.

The above account thus establishes (i) the 1,3-cis-diequatorial nature of (+)-
pinonic acid, m.p. 105°, (+ }-pinononic acid, m.p. 131° and (+ )}-pinic acid, m.p. 101-
102° and (ii) the preferred conformation of their trans-compounds (acids or esters),
arising in a minor amount along with the more stable cis-diequatorial isomers as a
result of alkali equilibration.

A few other applications arising from an analysis of the chemical shifts of Me
protons, notably in the assignment of configuration of B-bergamotene based on its
NMR spectrum, were already mentioned in our earlier communication.?

EXPERIMENTAL*
Ethyl (—)-2,2-dimethylcyclobutyl acetate (13)

Preparation of the thioketal of 9. The ketoester (9, 1-84 g) was mixed with BF,+Et,O (5 ml) and ethane-
dithiol (5 ml) in dry conditions and left aside for 6 hr. It was then diluted with water and the organic material
was extracted with ether. The ether layer was thrice washed with 59, NaOH aq, water and dried. Evapora-
tion of solvent and distillation of crude material yielded 2-07 g of the thioketal, b.p. 135°/1 mm, n3% 1-5210,

[«]p —744°; IR (neat): 1730 cm ™! (ester>C=0). The IR spectrum showed complete absence of the

cyclobutanone peak. (Found: C, 55-5; H, 8-0. C,,H,,0,S, requires: C, 55-4; H, 7-7%).

Raney-nickel desulphurization of the thioketal of 9. The above thioketal (2 g) in EtOH (200 ml) was refluxed
with Raney-Ni W-2 (20 g) for 8 hr. Filtration and removal of solvent yielded 1-3 g of the crude ester. Distil-
lation gave 13, b.p. 158°/690 mm, n3® 1-4292, [«], —3-76. TLC showed a single spot; IR (neat): 1739 cm ~*

ester >C=0). (Found: C, 70-1; H, 10-5. C,oH, 40, requires: C, 70-5; H, 10-7%).

Methyl (— )-2,2-dimethylcyclobutyl acetate (14)
The ethyl ester 13 was hydrolysed with aqueous alaali (109) to give 2,2-dimethylcyclobutylacetic acid,

* All m.ps and b.ps are uncorrected. B.t. refers to bath temperature. Optical rotations were measured as
neat liquids at 25 + 2°. The IR spectra were recorded on a Perkin-Elmer 137 instrument. All organic
extracts were washed neutral and dried over anhydrous Na,SO, prior to removal of the solvent unless
otherwise stated.
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b.t. 68-70°/45 mm, n3” 1-4258 ; IR (neat): 1704 (acid >C=0). (Found: C, 68-2; H, 9-8. CgH,,0, requires:

C, 676; H, 9-9%).
The above acid on esterification with ethereal diazomethane gave 14, b.p. 70°/45 mm, n3° 1-4253;

IR (neat): 1742 cm ™! (ester >C=O} The VPC analysis of the methyl ester (column SF 97, 140°) gave a
single peak. (Found: C, 70-3; H, 10-4. C,H, 4O, requires: C, 70-6; H, 10-3%).

B-2,2-Dimethylcyclobutylmethanol (15)

The methyl ester 14 (07 g) in ether (10 ml) was added to a powdered suspension of LAH (0-8 g) in ether
(20 mi) while stirring the contents vigorously. After the addition was over, it was gently refluxed for 2 hr
and the product decomposed with sat NH Claq under cooling. Extraction with ether gave 15; b.t. 130-140°/
130 mm, IR (neat): 3500 cm ™! (—OH). (Found: C, 75'5; H, 12:6. CgH,,O requires: C, 750; H, 12-4%).

Pinonic, pinononic and pinic acids
cis«{ +)-Pinonic acid (2b). Oxidation of x-pinene (16 g) isolated!! from the essential oil of Pinus wallichiana,
with KMnO, soln in buffered (NH,),SO, medium'? and work up as reported furnished a crude acidic
product (14 g) which was stirred with CCl, for 5 min. The separated crystals of ( + )}-pinonic acid (24 g)
were filtered off and crystallized from CCl,, m.p. 105° [Lit.'? reported for ( + }-ptnonic acid, m.p. 104--105°].
The cis-{ 1 }pinonic acid was esterified with distilled diazomethane as usual to furnish methyl cis(+ )}
pinonate (2¢), b.p. 125°/10 mm.

Equilibrium mixture of methyl (1 )-cis- and trans-pinonate

Compound 2¢ (05 g) in MeOH (5 ml) containing Na (0-25 g) was refluxed for 4 hr. The product was worked
up and distilled to furnish the cis-2¢, trans-3a equilibrium mixture of methyl pinonate.

Esterification'® of 2b also gave an equilibrium mixture of 2¢ and 3a of similar composition (3:1) as
revealed by their NMR spectra.

cis-( + )-Pinic acid (6a). To a cooled soln of NaOH (15 g) in water (250 ml), Br, (20 g) was added in small
portions agitating well after each addition, cis{ +- )-Pinonic acid (2b, 15 g) dissolved in satd Na,CO, (10 ml)
was added at one time to the hypobromite soln. The mixture was stirred well and the separated bromoform
was removed and the soln was acidified with H,SO, (10 ml in 50 ml of water) containing NaHSO; (2'5 g).
Extraction with ether after saturating the soln with NaCl followed by removal of solvent gave cis-6a,'*

m.p. 102° (water) (Lit.'® m.p. 102°). IR (Nujol): 1701, 1689 cm ™! (acid >C=O).
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