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Reaction of phenylphosphine with cycloocta-2,7-dienone followed by oxidation produces the syn (3) and anti
(5) isomers of 9-phenyl-9-phosphabicyclo[3.3.1]nonan-3-one 9-oxide. Sodium borohydride reduction of 3 and 5
produces syn-endo alcohol 6 and anti alcohol 7, respectively. Reaction of 6 and 7 with concentrated hydrobromic
acid gives syn and anti olefins 8 and 9. In a reaction with sulfuric acid, syn alcohol 6 is converted to anti olefin 9.
Both 8 and 9 are reduced to 9-phenyl-9-phosphabicyclo[3.3.1]nonane 9-oxide (1) by catalytic hydrogenation. Ste-
reochemical assignments for 8 and 9 (and the other compounds reported) are made based on (1) faster rate of cat-
alytic hydrogenation of 8 over 9, (2) greater thermodynamic stability of 9 than 8 and (3) 13C NMR spectra. Alco-
hol 6 is shown to have a chair-boat conformation which avoids interaction of the endo 3-hydroxyl group with car-
bon 7. The dependence of vicinal (three-bond) *C-3!P coupling constants upon dihedral angle is discussed.

Until recently polycyclic compounds containing phos-
phorus as a bridging! or a bridgehead? atom were rather
uncommon. In connection with other studies we required
9-phenyl-9-phosphabicyclo[3.3.1]nonane 9-oxide (1). Dur-
ing the course of the synthesis of bridged phosphine oxide 1
we discovered some interesting chemistry pertaining to the
stereochemistry about the phosphorus atom in various de-
rivatives. In this report we describe some of our results and
the stereochemical assignments in the 9-phosphabicyclo-
[3.3.1]nonane system.

Kashman and Benary have reported that treatment of
cycloocta-2,7-dienone® with phenylphosphine gives the
phosphinone 2.# The stereochemistry at the phosphorus
atom was inferred from the similarity of the proton NMR
spectra of phosphinone oxides 3 and 4,5 the configuration
of the latter having been established by an x-ray analysis.®
We have confirmed the stereochemical assignment of 3,
and we have isolated and characterized its isomer 5.

Results and Discussion

Synthesis and Chemistry. We utilized the double Mi-
chael addition procedure of Kashman* with the following
results. Treatment of cycloocta-2,7-dienone® with 1 equiv
of phenylphosphine afforded a white solid which was not
purified, but oxidized directly with hydrogen peroxide. The
oxidation product was shown to be a mixture of isomeric
phosphine oxides 3 and 5 which could be separated by frac-
tional crystallization. The first isomer to crystallize was the
syn phosphinone oxide 3; the mother liquor contained
mostly the anti isomer 5. Each isomer was purified by a
subsequent recrystallization. The combined yield of puri-
fied 3 and § was approximately 50%, and the ratio of 3 to 5
was about 1:1.7. The infrared spectra of phosphinone ox-
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ides 3 and 5 are virtually identical, each displaying strong
absorption bands at 1700 and 1160 cm~! for the carbonyl
and phosphonyl chromophores, respectively. The proton
NMR spectra, however, are quite different. The NMR
spectrum of 3 correlated well with the tabulated data of
Kashman and Benary;* 5 has not been described previous-
ly. The melting point reported for the syn isomer 3 is 250°,
with decomposition. We found that 3 melts at 305-306°,
with decomposition, and that 5 has a melting point of
201.5-204°. Because of the large discrepancy in the melting
points found for 3, additional information was sought to
support the structural assignments. Mass spectrometry and
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correct combustion analyses showed that 3 and 5 are iso-
meric and monomeric. The small ranges observed in the
melting points of 3 and 5 indicated that they were isomeri-
cally pure, and the purity of each was substantiated by its
13C NMR spectrum. Each spectrum was uncontaminated
by signals from the other isomer. Furthermore, the gross
structures of 3 and § were confirmed, since each spectrum
displayed five signals for the five different types of nonaro-
matic carbon atoms in the 9-phosphabicyclof3.3.1]nonan-3-
one ring system. In addition, the 13C NMR spectra indicat-
ed the syn and anti relationships of the phosphonyl and
carbonyl oxygen atoms (see below).

The syn phosphinone oxide 3 and the anti phosphinone
oxide 5 were each converted into the corresponding endo
alcohols 6 and 7 by reduction with sodium borchydride in
yields of 91 and 95%, respectively. Alternatively, the crude
mixture of 3 and 5 was reduced, and the alcohols 6 and 7
were separated by fractional crystallization.

Ketones 3 and 5 should have double chair conformations
and should be attacked by borohydride on the exo face.
Therefore, alcohols 6 and 7 are assigned the endo configu-
ration. The endo configuration of alcohol 6 was verified by
13C NMR spectroscopy (see below). We were unable to ob-
tain a 13C NMR spectrum of 7 because it was not suffi-
ciently soluble in the common organic solvents.
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Aleohols 6 and 7 were dehydrated to olefins 8 and 9 in
yields of 88 and 77%, respectively, by treatment with re-
fluxing concentrated hydrobromic acid. The olefins 8 and 9
provided a chemical basis for the assignment of the syn and
anti configurations at the phosphorus atom of all of the
phosphine oxides prepared in the study. During attempts
to convert 8 and 9 into 9-phenyl-9-phosphabicyclo-
[3.3.1]nonane 9-oxide (1) by catalytic reduction at 1 atm
using a platinum catalyst, one of the olefins was reduced
only partially (about 50%) after 18 h, while the other alkene
took up the theoretical volume of hydrogen by the end of 1
h. The less reactive isomer was assigned the anti structure
9, since it should be somewhat resistant to hydrogenation
owing to the steric bulk of the phenyl group which inhibits
effective adsorption of the substrate onto the catalyst. Iso-
mer 8 is not so hindered’ and undergoes hydrogenation
readily. The product of the reduction of 8 and 9 was phos-
phine oxide 1. Subsequent experiments showed that the
olefin 9 was quantitatively converted into 1 when the re-
duction was conducted at 4 atm pressure. Having deter-
mined the stereochemical configurations of the phosphorus
substituents for the alkenes 8 and 9, the configurations of
the alcohols 6 and 7 and the ketones 3 and 5 are also estab-
lished.

An interesting and useful result was observed during the
scale-up of the synthesis of 1, In the dehydration step, 57%
sulfuric acid was substituted for the concentrated hydro-
bromic acid employed previously. As expected, alcohol 7
gave olefin 9, but 6 also afforded olefin 9 in good yield. Evi-
dently, olefin 9 must be more stable than 8 since 8 is con-
verted into 9 under the reaction conditions. Inspection of
molecular models reveals that 9 should be more stable than
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8. In the case of 8, where the phenyl group is anti to the
carbon double bond, the ortho hydrogens of the phenyl ring
interact strongly with the axial hydrogens at carbons 6 and
8.8 In olefin 9, these interactions are diminished by removal
of one of the hydrogens and flattening of the unsaturated
bridge syn to the phenyl group. Thus, the dehydration ex-
periment provides additional support for the configura-
tional assignments made above.

The conversion of 8 into 9 could occur by either or both
of the following pathways. Transannular hydride shifts are
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common in medium-sized rings® and have been observed to
occur between the 3 and 7 positions of bicyclo[3.3.1)nonane
derivatives.'® Accordingly, such a shift, interconverting
ions 10 and 11, would account for the net transformation of
8 into 9. Alternatively, the formation of 8 from 9 may be ex-
plained as an acid-catalyzed epimerization of the phospho-
rus atom via the pentacoordinate intermediate 12, Wetzel
and Kenyon?® have studied the acid-catalyzed oxygen ex-
change of phosphine oxides, including 13. The rate con-
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stant?® for oxygen exchange of 13 in approximately 57%
sulfuric acid is nearly large enough to account for the epi-
merization of the phosphorus atom of 8, assuming that 8
would react at the same rate as 13.

Finally, we briefly comment on the reaction of phosphine
oxide 1 with methyllithium. The reaction was quenched
with methyl iodide, and the ethyl derivative 14 was ob-
tained in 77% yield. The mechanism depicted in Scheme I
is proposed to account for this result. Such a mechanism is
in accord with the results of Seyferth and co-workers.!! A
similar intermediate was invoked by Turnblom and Katz!
with phenylphosphahomocubane oxide, phenylphosphaho-
mocuneane oxide, and other phosphine oxides.

13C NMR Spectra. Chemical Shifts. 13C NMR spec-
troscopy provides additional evidence for the stereochemi-
cal assignments in the previous section. Table I records
chemical shift data for the phosphine oxides 1, 3, 5, and 6;
Table II contains 31P-13C coupling constants for these
compounds. Assignments of shielding values (downfield
from internal Me,Si) of the wide-barid proton noise de-



9.Phenyl-9-phosphabicyclo[3.3.1]nonane Derivatives J. Org. Chem., Vol. 41, No. 4, 1976 591

Table I
Chemical Shifts of 9-Phenyl-9-phosphabicyclo{3.3.1 Jnonane 9-Oxides

Aliphatic carbons? Aromatic carbons

Compd C1 C-2 C-3 C-6 C-7 « o m )4
1 28.5 26.3 21.6 29.7 20.9 (130.5)® 129.6 128.9 131.4
3 30.8 42.8 208.3 29.1 17.1 (128.8) 130.0 129.4 132.4
5 29.3 44.9 207.0 27.0 18.2 129.7 129.7 128.9 132.5
6 27.6 34.5 61.4 30.8 15.6 130.2 129.8 1291 131.6

a See structural formulas for numbering of carbon atoms. » The & carbon resonates as a doublet due to coupling yvith phos-
phorus, but one of the peaks is obscured by the other aromatic signals. The value cited was calculated from the visible peak

(132.3 ppm) assuming a P—C coupling constant of 96 Hz (Table II). ¢ As in footnote b; the visible peak occurs at 126.4

ppm.
Table II
Scheme 31p.13C Coupling Constants of
CeH, o 9-Phenyl-9-phosphabicyclo{3.3.1 Jnonane 9-Oxides
| CGHE\P/ Compd C-1 C-3 c-7 Q o m
P\ OHiLi g( Nopp, Ol 1 60 8 6 a 8 10
0 — B> 3 62 7 a 9 12
5 62 7 95 a a
6 63 20 7 96 9 12
a The coupling constant of phosphorus was obscured by
1 the other aromatic resonance signals.
CH;
determined after exchanging the protons adjacent to the
P carbonyl group for deuterium in order to simplify the spec-
N tra
0 — .
The carbons of alcohol 6 were assigned in the same man-
ner as used with ketones 8 and 5. Unfortunately, alcohol 7
was not sufficiently soluble in common organic solvents to
- permit obtaining its spectrum. The spectrum of 6 did allow
CH, CHCH;  us to assign unequivocally the endo configuration of the
| C-3 hydroxy group. We have shown by direct comparison of
P P the 3C NMR spectra of the exo- and endo-3-hydroxy-9-
\O LN \0 methyl-9-azabicyclo[3.3.1]nonanes (16 and 17) that in the
endo isomer carbon atom 7 resonates at a rather high field
(14.5 ppm) as a result of the gauche interactions brought
about by the chair-boat conformation 18,!> which predomi-
14
coupled spectra of ketones 3 and 5 were made as follows. X 111
The carbonyl carbons and those adjacent to the carbonyl O @
group are readily recognized because of their characteristic N
shielding regions.!? The bridgehead carbon signals are also 15 Y
easily discerned owing to the relatively large phosphorus— 16, X=0H; Y=H §H
carbon coupling constants.22 Carbons 6(8) and 7 are as- 17, X =H; Y=0H H
signed on the basis of relative peak heights and similar H Ol

chemical shifts for other bicyclo[3.3.1]lnonane com-
pounds.!® The aromatic carbons were assigned based upon
the results of Gray and Cremer.!4 A particularly informa-
tive feature of the spectra of ketones 3 and 5 is the de-
shielding of carbons 2(4) and 6(8) when they are syn to the
phenyl group. We have previously demonstrated that steric
interactions between a methyl carbon and carbons 2(4) and
6(8) of 9-tert-butyl-9-azabicyclo[3.3.1]nonan-3-one (15) re-
sult in carbons 2(4) and 6(8) being deshielded by approxi-
mately 3 ppm.'® In the case of the 3-keto phosphine oxides
3 and 5, the ortho carbons of the phenyl groups interact
sterically with the carbons 2 and 4 or 6 and 8 when they are
in a syn relationship.® Thus, isomer 3 should have carbons
6 and 8 more deshielded than the corresponding carbons of
5; and ketone 5 should have its carbons 2 and 4 more down-
field than those of 3. The § steric shift is 2.1 ppm in each
instance, and is in good agreement with our earlier observa-
tions!® and those of others.’® Coupling constants between
the bridgehead protons and phosphorus atoms were found
to be 18 Hz for both 3 and 5. The coupling constants were

18

nates over the chair—chair conformation in order to relieve
transannular steric interactions.!” Since carbon 7 of alcohol
6 is also quite shielded (15.6 ppm), we conclude that the
C-3 hydroxy group is situated endo and that the predomi-
nant conformation of 6 in solution is the chair-boat.

The carbon-13 chemical shifts of phosphine oxide 1 were
assigned as follows. The bridgehead carbons were again
readily assigned as a result of the large 3'P-13C coupling
constants. The remaining two most downfield aliphatic sig-
nals are attributed to carbons 2(4) and 6(8) based on the
shieldings of ketones 3 and 5. The most downfield signal is
assigned to carbon 6(8) since it experiences the same steric
interactions with the ortho carbons of the syn phenyl group
that were observed with the ketones 3 and 5. The two up-
field signals are due to carbons 8 and 7. Based on the chem-
ical shifts of carbons 7 for ketones 3 and 3, the most
shielded resonance of 1 is assigned to carbon 7.
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Vicinal 13C-31P Coupling Constants. A large body of
data exists on 13C-3!P coupling constants, 2! but there are
few examples where the angular dependence of the three-
bond (vicinal) 13C-3!P coupling constant has been exam-
ined in compounds with rigid and predictable geome-
tries.?»1¢ Wetzel and Kenyon2® have pointed out that these
coupling constants can be expected to show a dependence
on dihedral angle similar to that observed in proton-pro-
ton!® and 13C-13C vicinal coupling.l® The 13C-31P coupling
constant should be maximal when the dihedral angle
formed by the bonds connecting the atoms is 0 or 180° and
should be minimal when the dihedral angle is near 90°.

Gray and Cremer!4 have recorded the 13C NMR spectra
of an extensive series of polymethylphosphetane oxides,
sulfides, and salts. Among these 1-phenyl-2,2,3,3,4-pen-

tamethylphosphetane 1-oxide (19) is of interest because it .

5

8 CH 0
Y 615 J
T s 4 p P
T N
8
19 20

has a preferred conformation with C; equatorial and Cg
axial. The dihedral angle between the planes P-Co—C3 and
C3-C3~Cy is near 150° while the dihedral angle between
planes P-Co-C3 and Cy-C3—Cg is near 100°. The 13C-31P
coupling constants for C; and Cg are 24.9 and 1.6 Hz, re-
spectively. Six other pentamethylphosphetane oxides and
salts differing in substituents on phosphorus show similar
coupling constants of phosphorous to C; and Cg. In several
other compounds which have greater conformational mo-
bility the coupling constants for C, and/or Cg are near an
average value of 14-15 Hz.!4 Conformationally mobile
phosphonium salts also have vicinal 3C-31P coupling con-
stants of 12-15 Hz.!2 Compound 20 has a coupling constant
of C4 to P of 6.8 Hz;'4 the relevant dihedral angle along the
C2-C3 bond is about 60°.

Bicyclic phosphine oxides 21 and 2222 have unusually
high coupling constants between the bridgehead carbon
and phosphorus atoms of 47 and 35 Hz, respectively. These

o /0

v p?

P

21 22

. rigid ring systems have fixed geometries with the dihedral
angles of 0° along the Co—Cs bond. Each compound has
three coupling paths linking the bridgehead atoms, two
three-bond paths for 21 and two three-bond paths plus a
two-bond path for 22,22 ‘

The three-bond 3C-3'P coupling constants shown in
Table II support the assignment of a chair-boat conforma-
tion for compound 6. In compounds 1, 3, and 5, which have
double-chair conformations, the dihedral angle between
the P—C;-Cg and C~Co-C3 planes is about 60°. In these
compounds the three-bond ¥C-21P coupling constants are
6-8 Hz, similar to that of 20. In compound 6, the relevant
dihedral angle is close to 0° and the coupling constant is 20
Hz. Significantly, the coupling constant between C; and
phosphorus in compound 6 is 7 Hz, showing that the un-
substituted ring remains in the chair form.

Experimental Section

General. Melting points were taken on a Thomas-Hoover capil-
lary melting point apparatus and are uncorrected. Proton magnet-

Wiseman and Krabbenhoft

ic resonance spectra were obtained on a Varian Associates T-60 in-
strument; 3C magnetic resonance spectra were obtained on a
JEOL JNM PS-100 spectrometer interfaced with a Digilab Nova
1200 computer. Infrared spectra were recorded on a Perkin-Elmer
457 spectrophotometer. Mass spectra were obtained on an Associ-
ated Electrical Industries MS-902. Vapor phase chromatographic
analyses and collections were performed on a Varian Aerograph
Model 90-P instrument. Elemental analyses were carried out by
Spang Microanalytical Laboratory.

Unless specified otherwise, spectral data were obtained as fol-
lows: NMR, solutions in deuteriochloroform (units in parts per
million downfield from internal Me,Si); ir, solutions in chloroform
(units in cm™1); MS, 70 eV.

9-Phenyl-9-phosphabicyclo[8.3.1lnonane 9-Oxide (1). A
mixture of alkenes 8 and 9 (6.96 g, 30.0 mmol) in 300 ml of metha-
nol was hydrogenated over platinum (557 mg of PtOs) at room
temperature under 4 atm pressure on a Parr 22 apparatus. After 1
h the required amount of hydrogen had been taken up. The mix-
ture was filtered through Celite and concentrated to afford 6.46 g
(92%) of 1, which was purified by crystallization (benzene-cyclo-
hexane) and sublimination (175-178°, 0.015 Torr): mp 181-183°;
ir, 3050, 1590, 1150, 1115 cm™'; NMR 7.83-7.35 (5 H), 3.0-1.2 ppm
(14 H).

Anal Caled for C14H10OP: C, 71.78; H, 8.17; P, 13.22. Found: C,
71.60; H, 8.26; P, 13.05.

syn-9-Phenyl-9-phosphabicyclo[3.3.1]nonan-3-one 9-Oxide
(3) and anti-9-Phenyl-9-phosphabicyclo[3.3.1]lnonan-3-one
9-Oxide (5). The procedure of Kashman and Benary was used.*
An equimolar solution of eycloocta-2,7-dienone® and phenylphos-
phine was heated under nitrogen at ~135° until the infrared spec-
trum showed the complete disappearance of the dienone carbonyl
band. The reaction mixture was then cooled to room temperature,
taken up in chloroform, cooled in an ice-water bath, and oxidized
by the dropwise addition of excess aqueous 30% hydrogen peroxide
solution. After stirring for an additional 3 h, the layers were sepa-
rated; the aqueous layer was extracted with chloroform, The com-
bined organic layers were washed once with half-saturated aque-
ous sodium bisulfite solution, dried (NagS0,), and concentrated to
provide a white solid. Crystallization from acetonitrile gave the syn
isomer 3; concentration of the mother liquor gave the anti isomer
5. The ratio of 3 to 5 was 1:1.7 (one experiment), and the overall
yield from the cycloocta-2,7-dienone was 48-59% (three experi-
ments). The syn isomer 3 was purified by recrystallization from ac-
etonitrile-benzene (mp 305-306° dec): ir 1700, 1590, 1160, 1115
em=1, NMR 8.0-7.3 (5 H), 3.8-1.3 ppm (12 H).

Anal. Caled for C14H1702P: C, 67.73; H, 6.90; P, 12.48. Found: C,
67.74; H, 6.96; P, 12.36.

The anti isomer 5 was recrystallized from benzene-cyclohexane
(mp. 201.5-204°): ir 1700, 1590, 1160, 1120 ecm~!; NMR 8.0-7.3 (6
H), 3.2-1.4 ppm (12 H).

Anal. Calced for C14H1709P: C, 67.73; H, 6.90; P, 12.48, Found: C,
67.85; H, 7.01; P, 12.47.

syn-2,2,4,4-Tetradeuterio-9-phenyl-9-phosphabicyclo-
[8.3.1]nonan-3-one 9-Oxide (3-ds). A solution of 565 mg (2.3
mmol) of 8 in 20 ml of NaOD-D0 solution (prepared from 20 ml
of D90 and 200 mg of Na) was heated on a steam bath under nitro-
gen for 6 h. After cooling, the aqueous solution was extracted with
methylene chloride; the combined extracts were dried (NazSO,)
and concentrated to give 415 mg (74%) of 3-d4 (mp 290-293° dec).
NMR indicated 96% exchange; ir 1700 cm™!; NMR 2.88 (d, Jp_u =
18 Hz, 2-'H), 2.3-1.8 ppm (6 H); MS m/e 254.

anti-2,2,4,4-Tetradeuterio-9-phenyl-9-phosphabicyclo-
[3.3.1lnonan-3-one 9-Oxide (5-dy). The above procedure was
used to prepare 5-d4 (mp 203-206° dec) in 96% yield. NMR indi-
cated 96% exchange; ir 1695 cm~!; NMR 3.1-1.4 ppm (8 H); MS
m/e 254.

endo-3-Hydroxy-syn-9-phenyl-9-phosphabicyclo[3.3.1]no-
nane 9-Oxide (6) and endo-3-Hydroxy-anti-9-phenyl-9-phos-
phabicyclo[3.3.1]nonane 9-Oxide (7). To a methanolic solution
of the crude mixture of 3 and 5, cooled in an ice~-water bath, was
added, in portions, an equal weight of sodium borohydride. After
stirring for about 10 h, the reaction mixture was processed by ex-
traction with methylene chloride, drying over sodium, sulfate, and
concentration to provide an 85% yield (two experiments) of a mix-
ture of 6 and 7. Crystallization of the crude mixture from metha-
nol-ethyl acetate provided the anti isomer 7; concentration of the
mother liquor gave the syn isomer 6. The anti isomer 7 was recrys-
tallized from methanol-ethyl acetate (mp 303-306° dec): ir (KBr)
3250, 1140, 1100 cm~t; NMR (TFA) 8.2-7.6 (5 H), 4.2 -1.6 ppm (13
H).
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Anal. Caled for C14H1905P: C, 67.19; H, 7.65; P; 12.38. Found: C,
67.30; H, 7.74; P, 12.42.

The syn isomer 6 was purified by recrystallization from acetoni-
trile (mp 198-201°): ir (KBr) 3350, 1150, 1110 cm~1; NMR (TFA)
8.1-7.6 (5 H), 5.3-4.7 (1 H), 3.6-1.4 ppm (12 H).

Anal. Caled for C14H1002P: C, 67.19; H, 7.65; P, 12.38. Found: C,
67.36; H, 7.59; P, 12.21.

In separate experiments pure 3 was reduced to 6 (91% yield) and
pure 5 was reduced to 7 (95% yield).

syn-9-Phenyl-9-phosphabicyclo[3.3.1]non-2-ene 9-Oxide
(8). A solution of 1.18 g (4.75 mmol) of syn-endo hydroxy oxide 6
in 60 ml of concentrated hydrobromic acid was refluxed for 6 h,
then allowed to cool to room temperature overnight, cooled in an
ice-salt bath, and basicified with 25% aqueous sodium hydroxide.
The resulting solution was extracted with methylene chloride and
the combined extracts were dried (NagS0O,) and concentrated to
provide 0.96 g (88%) of 8 (mp 160-163°): ir 1640, 1590, 1160, 1120
em~1; NMR 8.0-7.3 (5 H), 6.4-5.3 (2 H), 3.4-1.2 ppm (10 H).

Anal. Caled for C14H170P: C, 72.40; H, 7.38; P, 13.34. Found: C,
72.35; H, 7.47; P, 13.13.

anti-9-Phenyl-9-phosphabicyclo[3.3.1]non-2-ene  9-Oxide
(9). The above procedure was employed to provide a 77% yield of 9
(mp 145-148°) from 7: ir 1640, 1590, 1150, 1120 cm~% NMR 8.0-
7.3 (5 H), 6.4-5.5 (2 H), 3.4-1.1 ppm (10 H).

Anal. Caled for C14H17OP: C, 72.40; H, 7.38; P, 13.34. Found: C,
72.24; H, 7.26.

Dehydration of endo-syn-3-Hydroxy-9-phenyl-9-phospha-
bicyclo[3.3.1Inonane 9-Oxide (6) with Sulfuric Acid. A solu-
tion of 10.00 g (0.042 mol) of syn hydroxy phosphine oxide 6'in 57%
sulfuric acid (prepared from 120 ml of water and 160 ml of concen-
trated sulfuric acid) was heated to boiling for 12 hr. The solution
was cooled, saturated with sodium chloride, and extracted several
times with dichloromethane. The dichloromethane extracts were
combined and evaporated to yield 6.55 g (71% yield) of a slightly
yellow solid. The NMR spectrum of the solid was identical with
that of anti-9-phenyl-9-phosphabicyclo[3.8.1]non-2-ene 9-oxide
(9) (see previous experiment).

In a similar experiment starting with 7.08 g of anti hydroxy
phosphine oxide 7, 4.025 g (61%) of olefin 9 was produced.

The acidic aqueous solutions from both of the above experi-
ments were combined and extracted repeatedly with dichloro-
methane. Evaporation of the dichloromethane extracts yielded an
additional 2.76 g of 9 bringing the combined yields for the two ex-
periments to 84%.

9-Ethyl-9-phosphabicyclo[3.3.1]lnonane 9-Oxide (14). To a
mixture of 234 mg (1.0 mmol) of phosphine oxide 1 in 10 ml of
ether (freshly distilled from lithium aluminum hydride) cooled in
an ice bath was added 2 mmol of methyllithium in ether. After 15
min (during which time the solution became yellow), excess methyl
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iodide was added and the reaction mixture was allowed to warm to
room temperature. The mixture was then poured into water, the
layers were separated, and the agueous layer was extracted with
methylene chloride. The combined organic phases were dried
(NasSOy4) and concentrated to give 143 mg of yellow solid material.
Preparative VPC (4% SE-30 on Chromosorb G, 3 ft X 0.25 in.) af-
forded 30 mg of 14 (mp 131-133°): ir 1150 cm™!; NMR 3.0-1.1
ppm; MS m/e 186.

Anal. Caled for C10H100P: C, 64.49; H, 10.28; P, 16.63. Found: C,
64.30; H, 10.28; P, 16.72.
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Potamogetonin, a New Furanoid Diterpene. Structural Assignment
by Carbon-13 and Proton Magnetic Resonance
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Potamogetonin (1), a new furanoid diterpene with a labdane skeleton, has been isolated from seeds of Potamo-
geton ferrugineus Hagstr. The structure of 1 has been assigned on the basis of its spectral characteristics, particu-
larly by nuclear magnetic resonance. The proton and carbon-13 chemical shifts of two related diterpenes of
known structure, sciadin (3) and nepetaefuran (4), are correlated with shifts of 1.

We wish to report the isolation and structure of potamo-
getonin (1), a new member of the growing group of furanoid
labdane derivatives.! Potamogetonin was isolated from

seeds of Potamogeton ferrugineus (family Potamogetona-
ceae).2 Gas-liquid phase chromatographic (GLC) analysis
of the petroleum ether extract of these seeds revealed, in



