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lization of the crude product from 10 was effected by dissolving it in
CH:Clz (10 ml/g 11) and adding 5 vol. of hot petroleum ether
(bp 60-68°). From 5 g of 10, 2.9 g (60%) of the acid 11 was ob-
tained. An additional 0.7 g (14%) could be isolated from the
mother liquor: mp 112-113° dec; ir (mull) 2.90, 3.20 (OH), 5.80 u
(C=0); nmr (CDCls) 5 2.35 (s, 3, CCH3), 3.25 (s, 3, OCHay), 7-7.7
(m, 10, ary! H + 2 OH). The actual ratio of integrals for the aryl
region to the two methyl signals was 9.8:8 before D20 and 8.2:6
after D;0.

On melting under Nj, 11 yielded 0.93 mol of CO3.8 Methylation
of 11 with a slight excess of CH;Nj in ether afforded the ester 12,
identified by comparison with 12 prepared as described below.
However, as was the case with 4, satisfactory analyses could not
be obtained on 11.

Methyl 1,2,3-Dihydro-3-hydroxy-2-methoxy-2-p-tolylbenzo-
furan-3-carboxylate (12). The procedure followed the sodium
methoxide preparation for 5. From 1 g of the hemiketal 10, 0.8 g
of a soft white solid was obtained. Recrystallization was effected
with a mixture of 10 ml of CCl4—40 ml of petroleum ether, yield-

ing 0.52 g (52%) of white crystals of 12, mp 144-146°, The analyti--

cal sample (from CCly) melted ‘at 145.5-146.5°: ir (mull) 2.85
(OH), 5.75 u (C==0); nmr (CDCl3) é 2.37 (s, 3, CCHj3), 3.17, 3.25
(s, 6, OCH3, COOCHg3), 4.1 (broad, 1, OH), 6.8-7.7 (m, 8, aryl
H).
Anal. Caled for CisHi130s: C, 68.78; H, 5.77, OCHj, 19.75.
Found: C, 68.26; H, 5.74; OCHj3, 19.01, 19.07,'19.66.

2,3-Dihydroe-3-hydroxy-3-hydroxymethyl-2-methoxy-2-p-tol-
ylbenzofuran (13). Following the procedure for 8, a 1.0 g sample of
the acid 11 was reduced with LiAlH,. The crude product was ob-
tained in 62% yield. Purification was effected from CCly-hexane
(1:1), the analytical sample of 13 melting at 94-95°, ir (mull) 2.85
« (OH).

Anal. Caled for Cy7H3304: C, 71.31; H, 6.34; OCHs;, 10.84.
Found: C, 71.31; H, 6.40; OCHj, 10.70.

Registry No. 2, 1603-46-9; 4, 42856-76-8; 5, 42856-77-9; 6,
42856-78-0; 8, 42856-79-1; 9, 19275-68-4; 10, 42856-81-5; 11, 42856-
82-6; 12, 42856-83-7; 13, 42856-84-8.
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Limonin, a Cgg triterpene occurring in some species of
the Rutaceae, sometimes is responsible for bitterness in
processed citrus products.® Specific reactions of limonin
(1) are of interest as the basis of possible debittering
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methods. As part of such a study this paper describes
photolysis studies of limonin.

Because of the complex and polyfunctional nature of
limonin (1), prediction of the structure of possible limonin
photoproducts was difficult. Irradiation of 1 in dioxane or
methylene chloride with a high-pressure mercury-vapor
lamp using a Pyrex filter gave low yields of two crystalline
photoproducts. Only two products were obtained crystal-
line but tlc indicated the presence of further minor limo-
noid products, some of which were acidic but which could
not be obtained crystalline. .

The nonpolar photoproduct, called photolimonin I (2),
possessed typical limonoid properties. It had the usual
furan bands? in its ir spectrum and gave a positive Ehrl-
ich’s test,’ indicating the presence of an intact furan ring.
The nmr spectrum of photolimonin I, summarized in
Table I, showed the usual furan resonances and signals
assignable to H-1, H-19, H-15, and H-17.8 The chemical
shifts and multiplicity of these resonances indicated that
the A, A’, and D rings were intact and unchanged from
those in limonin. The nmr spectrum showed only three
C-methyl resonances, whereas the starting limonin (1) has
four C-methyl groups. A special feature of the nmr spec-
trum was an aldehyde resonance” ® at § 9.78 and singlets
at 6 5.37 and 5.44 which are assignable to an exocyclic
methylene group. These results are best interpretable in
terms of structure 2 and are compared in Table I with the
nmr data of andirobin (3), a limonoid, having a similarly
cleaved B ring, isolated from Carapa guayanensis Aubl.
(Meliaceae).%-11 The aldehyde resonance was a broadened
singlet which could not be resolved into the expected tri-
plet. However, irradiation of 6 2.80 gave a much sharper
aldehyde resonance. Small, 1 Hz and less, coupling con-
stants are not unusual in such systems,11-13

Photolimonin I showed a very low-amplitude negative
Cotton effect (¢ = —3.7), consistent with the flexible con-
formations of the aldehyde group and its distance from an
asymmetric center,13.14

A second photoproduct, photolimonin II (4), was ob-
tained crystalline in low yield from the more polar chro-
matographic fractions. Photolimonin II showed physical
properties (solubility, melting point, B¢ on tlc) very simi-
lar to those of limonin (1) and gave an nmr spectrum
(Table I) very similar to that of 1 with some differences in
the chemical shifts. Nmr studies of limonoids® have
shown that H-15 falls in the deshielding region of the 7-
keto group, causing its resonance to occur relatively far
downfield. In 4 the sharp singlet for H-15 falls further up-
field out of the shielding region of the 7-keto group. More-
over, the C-19 methylene group now falls in the deshield-
ing region of the epoxy group, causing its resonance to
occur further downfield than it does in limonin. The de-
creased crowding of H-19 in photolimonin II also may con-
tribute to its downfield position relative to limonin.



Table I
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The ORD curve of 4 exhibited a negative Cotton effect
0 b= o en (@ = —19.4) similar to, but not identical with, that of
;z‘;’- e limonin.!® These data are consistent with the identifica-
oW tion of photolimonin II as 4, a C-8 stereoisomer of 1 in
5 which the-8-methyl is « instead of 8 as in limonin. The
£ o o sign of the Cotton effect for the 7-keto group of limonin is
© O% 5 difficult to predict from the octant rule, since most of the
! D ring falls in a front octant. In photolimonin II most of
] | ! . B P ;
3] 9\ C/J\ the D ring falls in an upper right, back (negative) octant.
! Thus a negative Cotton effect is predicted.
The two photoproducts isolated in this study are those
e N~ o o which would result from 7,8-bond cleavage of 1. Both pho-
~ ‘C: < tolimonins are the classical products expected from pho-
- @ tolysis of saturated ketones.i3,18 The formation of 4 re-
. sults from recombination of the diradical 5 on the « side
:5. | b~ 00 b= 0n & ~ 1B of the planar C-8. This suggests that 1 and 4 might exist
§ : :' 2 = : ~a in a photochemical equilibrium. In an attempt to demon-
oy - —e strate the presence of a photochemical equilibrium be-
tween limonin (1) and photolimonin II (4), compound 4
o © it~ ~ was reirradiated. However, it was not possible to detect
‘: :']- 2 : the formation of 1 among the reaction products even with
E a tle system which could resolve compounds 1 and 4.
B The nonbonded interactions in both limonin and photo-
b < - limonin II appear to be of about the same magnitude. The
8 i boat C ring in limonin (I) is converted into a chair confor-
% o B mation in 4; however, a new axial 1,3-dimethyl interac-
8 T gl & tion involving 8- and 13-methyls has been created.
g NN The conversion of limonin to its C-8 stereoisomer (4) re-
2 sults in a significant conformational change. Limonin (1a)
Q is a fairly planar, extended molecule while photolimonin
- 218 R xS ! II (4a) is a much more compact ball-shaped system. This
2 o< o < structural change results in the loss of biological activity.
g In contrast to the extreme bitterness of limonin, photoli-
"g ﬁ’ ~ - monin II is completely tasteless while photolimonin I is
a o mN only slightly bitter.
2 -
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% © l 3 I 3 © o The close structural similarity between photolimonin I
TN : = (2) and andirobin (3) provides further laboratory analogy
S S "U ) .
g for the conversion of limonoids of the 7-deacetyl-7-oxo-
2 gedunin type to the andirobin series.®s%:17 Finally, the
5 g 5. < photolysis of the 7-keto group has not involved the g,v-
- 'g 'g ) >  epoxy group.'®
S~ n A
% g £ Q.é = % Experimental Section??
n i \—/'-‘ e
© g %H “ES’ é % Photolimonin I (2). A saturated solution of limonin in methy-
2 £ 5 s lene chloride (dioxane was used in some runs) was irradiated with
- A < . . . . .
. a high-pressure mercury-vapor lamp in an immersion cell using a
Pyrex filter. The solution was irradiated under nitrogen, with
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stirring, for 12 hr. Solvent was removed in a rotary evaporator
and the residue was recrystallized from methylene chloride-etha-
nol to give several crops of limonin. Solvent was removed from
the mother liquors and the residue was chromatographed on acid-
washed alumina. The content of the fractions was monitored by
tlc using a 1:1 chloroform-ethyl acetate solvent system with Ehrl-
ich’s reagent to detect limonoids as described previously.’ Those
fractions containing a new nonpolar limonoid spot were com-
bined, solvent was removed, and the residue was crystallized
from methanol: mp 222-224°; ir (Nujol) » 1758, 1718 (carbonyl),
1503, 879 (8-substituted furan), 904 cm~1 (exocyclic methylene);
Amax (EtOH) 215 mu (e 5200), 280 (16); Rr on tlel® 1.3 that of
limonin; ORD in dioxane (¢ 0.15) at 22° [aleoo +27°, [c]sr0 +53°,
[a)s1s —107°, [a]zgl +270°, [alose —340° [a]ose +200° (last read-
ing).

Anal. Caled for Ca6H300s: C, 66.35; H, 6.42. Found: C, 65.8; H,
6.41.

Photolimonin II (4). Further work-up of the more polar frac-
tions from the column by concentration gave several crops of im-
pure limonin. Finally, solvent was removed and the residue was
filtered through a short column of acid-washed alumina with
chloroform to remove polar impurities. Solvent was removed from
the eluents and the residue was crystallized from ethanol and
then from chloroform-ethanol: mp 299-300° dec; ir (Nujol) » 1753,
1698 (carbonyl), 1504, 879 cm~! (B-substituted furan); Amax
(EtOH) 209, 283 myu; R; on tlc identical with that of limonin.
Limonin and 4 could be resolved on silicic acid using a 1:1 ben-
zene-nitromethane solvent system: ORD in dioxane (¢ 0.505) at
22° [a]eoo _59.5°, [a]323 _1290°, [a]slg —12500, [011314 _1330°,
[alsoz —690° (sh), [alare +615°, [alze0 —400° (last reading).

Anal. Caled for CogH3zoOs: C, 66.35; H, 6.42. Found: C, 65.8; H,
6.40.

Acknowledgment. The author is indebted to L. M.
White for the analytical data, to Professor H. Mitsuhashi,
Hokkaido University, for the ORD data, and to Dr. R. M.
Horowitz for helpful discussions.

Registry No. 1, 1180-71-8; 2, 42867-82-3; 4, 42867-83-4.
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The resolution of racemic benzylethylmethylphenyl-
phosphonium iodide into its enantiomers (I = R) by
McEwen, et al.,! in 1959 made possible the first stereo-
chemical studies of nucleophilic substitution reactions at
phosphorus.? Since substitution of benzyl by hydroxyl oc-
curs stereospecifically with inversion giving rise to optical-
ly pure phosphine oxide (II) from optically pure phospho-
nium salt (eq 1), the reaction provides access to optically
active oxides for stereochemical studies.® Although at-
tempts to prepare optically active phosphines by hydride
reduction of optically active phosphine oxides produced
only racemic mixtures,* Horner, a short time later, an-
nounced that cathodic reduction of optically active salts
such as I yielded the corresponding phosphines with reten-
tion and high optical purity.? More recently, optically ac-
tive phosphines have been successfully obtained from op-
tically active oxides by amine-moderated reductions with
trichlorosilane, which affords predominant retention or in-
version of configuration depending upon the choice of
amine.® One geometric isomer of 3-methyl-1-phenylphos-
pholane 1-oxide (III) has been reduced with predominant
inversion of configuration by use of hexachlorodisilane.?

Me Me
HO™ + rl>+ LI 113 + PhCH, (1)
P ‘ PR 3
e 4 NCH,Ph 0 \PhEt
Ph
I it

In 1969 the use of phenylsilane to reduce one isomer of
1,3-dimethylphospholane 1-oxide (IV) with complete re-
tention of configuration was noted by us.® Subsequently,
other examples of the conversion of racemic cis and trans
isomers of cyclic phosphine oxides to the corresponding
phosphines with complete retention of configuration at
phosphorus were demonstrated in our laboratories.®-11
Since the synthetic utility of phenylsilane was not elabo-
rated upon in previous publications®-11 and since we have
now shown ‘that acyclic optically active phosphine oxides
are subject to phenylsilane reduction giving rise to opti-
cally active phosphines, also with complete retention of
configuration, we wish at this time to make more exten-
sive comment on this very useful reagent. In fact, we be-
lieve it to be the reducing agent of choice when stereo-
chemically pure phosphines are required from stereo-
chemically pure phosphine oxides. This method of reduc-
tion is especially important because optically active phos-
phine oxides are now more generally and conveniently
available than optically active phosphonium salts as a re-
sult of Mislew’s procedure involving conversion of diaste-
reomerically pure menthyl phosphinate esters to optical-
ly active phosphine oxides with Grignard reagents.1?2 Too,
the interest in phosphine-metal complexes in homoge-
neous catalysis and the possibilities of asymmetric synthe-
sis using chiral phosphines in such complexes!® add a
further dimension of importance to this reductive tech-
nique. Yields surpass those of any other reductive method,
averaging over 90%, and as far as weé have been able to
determine (Table I) the reaction is 100% stereospecific for
the variety of oxides studied.



