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Aba&act--The 8-phosphabicyclo[3.2.1]octanic system was synthesized in two different ways: (a) a double 
Michad addition of aryl phosphim to 2,6qcloheptadienone (b) a Diels-Alder cycloaddition of dichloro- 
phenylphosphine to 3,5cycloheptadienyl-l-acetate. The stereochemistry of the isomeric phosphines 
(I, II and IX) was determined by investigation of the NMR spectra of their derivatives (oxides, ketals, 
benxyl phosphonium salts and the uranyl nitrate complexes of the oxides and the ketals). The conformations 
of several compounds are discussed, as well as the hydrolysis mechanism of two benxyl phosphonium salts 
which eve a mixture of products. 

A GREAT deal of work has been done, and is being done on the configurational and 
conformational problems of the tropanic system.’ We were interested in the examina- 
tion of the hitherto unknown 8-phosphabicyclo[3.2.1]octanic system, the phosphorus 
analog of the azacompound Our interest in such a system, which is geometrically 
different from the ara system, was focused on the configurational problems due to the 
P-atom, as opposed to the conformational problems in the case of the aza systems. The 
problems arising from the NMR spectra of such compounds wm also of interest. as 
the phosphine oxide group, in this cases, has a defmite position in relation to the other 
parts of the molecule, as will be shown later. Bridged phosphorus compounds are 
quite rasU and most of the synthesis by which the known compounds were pre- 
pared, were specific for each particular case, and could not be applied, even in modified 
form, to other systems. In the preparation of the phosP;habicyclo[3.2.l]octanic 
system, known synthesis for phosphorus heterocyclic compounds were used- 
synthesis which can be and are now being expanded for the preparation of other 
bicyclic systems. 

One of the synthetic approaches was a double Michael addition of phenylphosphine 
to 2,6-cycloheptadienone,6 and another, a Diels-Alder cycloaddition of dichloro- 
phenylphosphine to 3,5cycloheptadienyl-l-acetate.5 (See Scheme 1). The latter 
method with its special problems will be discussed further in the text. 

Addition of phenylphosphine to S6cycloheptadien-l-one under a nitrogen 
atmosphere at 140” gave, after 12 hr, a viscous oil. Following crystalhzation from 
acetone, a crystalhne adduct was obtained in ca 40,T,T yield Apart from this adduct and 
traces of the reactants, some oligomeric substance was also obtained. According to a 
chromatoplate, the crystalline material was made up of two compounds The pre- 
dominating one (compound I) could be separated and purified from the minor 
component (II) by sublimation or crystallization. The Nh4R spectra of I, which turned 
out to be the expecti 8-phenyl-8-phosphabicyclo[3.2J]octan-3-one, is very complex. 
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Although the molecule possesses a plane of symmetry, due to spin spin nonequivalence, 
the spectrum is not first order. Further complexity of the spectrum results from long 
range coupling effects between the P atom, and protons situated as far as four bonds 
from it, and also because of the small chemical shift differences between the protons. 
However, after preparation’ of the fourdeutero compound d,-I, the NMR signals 
could unequivocally be assigned to the various protons, as is shown in Table 1. 
The NMR spectrum of compound I clearly showed that a one-to-one adduct was 
obtained, as the intensity of resonance of the phenyl multiplet at 6 7*20-7.35, and the 
different alicyclic protons was in the ratio of 1: 2 Even more sisnificant was the mass 
spectrum of the compound in which similiarity to the fragmentation of the tropani 
system was recognized. The base peak of the spectrum at m/e 108 is due to the 8 Ph- 
fragment. Second in intensity was the molecular peak at m/e 218 (72x), other peaks 
were observed due to the loss of CO, CHs==CHs and CH2e + H as was 
expected. 

The above data, together with a correct elemental analysis and appropriate IR 
spectrum [vpd 3030, 1590, 1500 (Ph); 1700 (C==O); 1445 (Ph-P)] confirms the 
proposed 8-phenyl-&phosphabicyclo[3.2.l]octanic structure for compound I. The 
purity of phospbine I was ascertained from the NMR spectrum of its methiodide (III) 
and benzyl phosphonium salt (IV), which in each case, exhibited only one doublet; 
for the P--C& in compound III at 6 2*91 (J = 15 c/s) and for the P-C&--Ph in 
compound (IV) at 6 465 (J = 14 c/s). The NMR spectra of these compounds (shown 
in Table 1) was more detailed than that of the parent phosphine, due to the anisotropy 
effect of the pho~ho~~ cation. 

As compounds I and II were very sensitive to oxygen, the minor compound (II) 
could not be separated by chromatography. However, following the oxidation of the 
mixture with H,Oz, and crystallization from MeCN, the two oxides V and VI which 
appeared in two different crystalline forms could be separated. It was found that the 
predominating phosphine oxide or) is related to I, since it could be directly obtained 
by oxidation of pun: I. The other oxide (VI) which was obtained in only ca. lo!!/, was 
the oxidation product of II, which itself could not bc purified before. 

Since compound V (m.p. 235-237’) and compound VI (m.p. 247-248”) have the 
same elemental CHOP analysis, show the same molecular ion at m/e 234 and have 
quite similar IR spectra, except for the finger print regio& they are assumed to be 
epimeric with respect to the P atom. The NMR spectra of the two isomers were, how- 
ever, quite different (Table l), while in compound VI all the alicyclic protons showed 
resonance lines in a narrow range (6 l%G290), in compound V they were spread over 
a much greater ran@ (6 16W60 ppm). 

The identification of the various proton pairs in V was possible after the four- 
deuterio compound d,-V, was prepared* by boiling V with NaOD in MeOD. The 
disappearance of the multiplets at 6 2-W3W, and 6 3~30-360, thus leaving only the 
C, and Cs protons at 8 243, showed clearly that the former resonance lines must be 
assigned to the Cz and’ C, protons. The C1 and Cs protons were also identified by 
the NMR spectra of the uranyl nitrate complex discussed below. The preparation 
of d,-VI did not provide any important information additional to that which we 
had obtained from compound VI itself. Jn tbe NMR spectra of both phosphine 
oxides, the phenylic protons were divided into two groups, in the ratio of 2:3 as 
expected As it is known that peroxide oxidation of pho~h~~ is accompanied by 
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configurational retention,g it seems that the stereochemistry of the phenyl group 
attached to the P-atom, in compounds I and II must be the same as in the corres- 
ponding oxides V and VI. The stereochemistry of these compounds as is shown in 
Scheme 1, is discussed below. 

Ketalization of V and VI with ethylene glycol yielded the corresponding ketals 
VII and VIII as was expected. The ketals and their four-deuterio derivatives d,-VII 
and d,-VIII, which were prepared by ketalization of da-V and d.,-VI were synthesized 
mainly for stereochemical study. Substituting the carbonly function with the ketal 
group altered the magnetic anisotropy in the vicinity of the n~~bour~g protons. 
Thus, the CZ and C, protons (appearing at 6 240-3.00 and 6 3+30-3+61) in V which 
were previously deshielded, moved toward higher field at S 1430-2.20 and 5 264-340, 
while the C, and C, protons which appeared to be shielded before, by the carbonly 
group, now suffered a relatively strong deshielding effect, This deshielding effect 
was especially strong on two C6, C, protons adjacent to the ketal which moved 
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downfield by about 09 ppm, from 6 140-2.10 in V to 6 2.20-240 in VII. The identi- 
fication of the protons was done by comparing the compounds with their de&rated 
derivatives. Comparing the NMR spectra of the second isomeric phosphine oxide 
(VI) and d&-VI with their ketals VIII and d,-VIII (Table 1) it can be shown that 
there is the same direction of chemical proton shift, as in the case of the fast isomer, 
that is, a movement of the two C,C, protons downf*ki and of the C.&Z4 protons 
upfield The same shift direction in both isomers shows quite clearly that the confor- 
mation of the phosphorinanonic ring is the same in both ketones and also that the 
conformation of the phosphor&x& ring is the same in both ketals In the case of the 
ketals, the chair conformation is the only one which fits the Nh4R data. This is under- 
standable when one inspects the Dreiding models A boat ~nfo~ati~ wouM give 
rise to sevem steric interactions between the ketal group and the P = 0 or phenyl on 
the P atom, a twist conformation is impossible because of the rigidity of the bicyclic 
system. 

By reacting 2,6cycloheptadien-l-one with Ph-CH2PH2, which is a stronger 
neucleophik than Ph-PH,, under the same conditions as described before for the 
preparation of compounds I and II, it was found that the reaction was cornpItt after 
only 2 hr. It yielded, apart from some oligomeric substance and traces of the reactants, 
two phosphines, as could be seen on a TLC plate. As crystallization and distillation 
were unsuoccssful, the phosphines had to be purified by careful chromatography 
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Looking for further evidence for the suggested stereochemistry, uranyl nitrate 
complexes of several phosphine oxides were prepared,” and their NMR spectra, in 
pyridine, were recorded and compared to the uncomplexed compounds. Burdett 
and Burger” have shown that protons located on atoms as far as two bonds removed 
from the phosphorus, as well as the ‘iP resonance itseE in uranyl complexes of the 
type UOJNOs),(O=PR,)s are paramagnetically shifted. This shift may be accounted 
for, at least in part, by the anisotropy of the uranyl group. It was interesting to see 
whether or not this anisotropy effect would lead to a distinction between the C,,C, 
and C&C, protons in the two isomeric phosphine oxides The complexes of the uranyl 
nitrate are known to possess a fmed geometry, and such a geometry as is shown for 
the complex V, (Pig 2) would result in a stronger paramagnetic effect on the nearer 

0 

Fro. 2 

C3,C4 protons as compared to the C,,C, ones, and oice oersa for compound VI. The 
same effect would also be seen in the ketals. Indeed, the results (Table 2) clearly 
showed a differentiation between the further and nearer proton pairs, apart from the 
much stronger paramagnetic shitt of the Ci and C5 protons, which was of the same 
order of magnitude as reported. lo These results, as shown in Table 2, support the 
proposed stereochemistry, which was concluded from the benzylic phosphonium 
salts discussed previously. 

The most impressive result, which also showed the paramagnetic spa&l effect of 
the uranyl complex in this series of recorded spectra, was the differentiation between 
the ketalic protons in the ketal VII, caused by the uranyl complex. The multiplet at 
6 390 assigned to the ketalic protons of VII was divided into two groups in complexed 
VII, one remaining approximately in the same region as in the uncomplexed camp. 
VII at 6 3.87, while the other was diamagnetically shifted to 6 3.75. This, once more, 
can only be rationalized by the assumption that the complex is situated on the same 
side as the ketal function. Such a distribution was also seen in the isomeric uncom- 
plexed ketal VIII where two katalic protons were diamagnetically shifted by the 
phenyl group (S 346 and 6 3.93). 
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Once the stereochemistry of the phosphine I, and phosphine oxides V and VI was 
assigned by the NMR spectrum of the benzyl phosphonium salts (IV, XI and XII) 
and the uranyl complexes, the correlation between the chemical shifts of the various 
protons attached to the bicyclic skeleton and the stereochemistry could be checked. 
Such correlations are ma& with difficulty in bicyclic systems, where it is not always 
easy to predict into which region of magnetic anisotropy the various protons enter. 
This is especially true for the compounds under discussion, where, besides the carbonyl 
and phenyl groups (whose anisotropy is known), the P = 0 group is also present 
Very little is known about the anisotropy distribution caused by this group, and the 
attendant difficulties, were also encountered in the NMR spectrum of 9-phenyl-9- 
phosphabicyclo[4.2.l]nonane derivatives previously reported.’ 

In the NMR spectrum of compound I, it was interesting to note that each of the 
C6 and C, protons resonate in the same place. This shows that one pair enters the 
shielding cone of the carbonyl group, and therefore resonates in the same place as 
the pair diamagnetically influenced by the phenyl group. At lower field (S 2.52-266 
and 6 2*72-3W), the deshielded protons C,,C, adjacent to the carbonyl, appear as 
expected. Comparing the NMR spectrum of compound V, with the above compound 
I, the most significant change was the downfield shift of about O-7 ppm, of two of the 
C,,C, protons, obviously resulting from the additional anisotropy of the P=O 
group. This pair is most likely the C,,C, axial protons; the second C,,C, pair-the 
equatorial ones, remained almost unchanged, as is also the case for the C,,C, protons, 
which are further away from the P=O group. The NMR spectrum of compound VI 
is much more complicated as all the protons resonate in a narrower range 6 l-80-290. 
Nevertheless, this observed contraction fits the assigned stereochemistry, as in this 
compound, when compared to its isomer V, the anisotropy effects of the phenyl and 
P==O, on the alicyclic protons nearer the latter groups, are in opposite directions. 
The C,,C, protons nearer to the P=O are, in this instance deshielded, and conse- 
quently the signals shift downfield, while the previously paramagnetically shifted 
C,,C, axial protons are now diamagnetically effected by the phenyl, and move 
uplield, so that all the protons are now in the same narrow range. 

The basic hydrolysis of two of the phosphonium salts, gave a mixture ofpr@ucts 
and are of some interest. When compound XI or IV was treated with alkali, a mixture 
of oxides was obtained in every case; although in different ratios. Compound IV 
yielded mainly (ca. 90%) oxide V, which, in the light of previous arguments, may well 
be the more stable one, while XI gave rise to a mixture of isomers in the ratio of 
about 3:l. 

McEwens basic hydrolysis mechanism, ’ 1 which was proposed for acyclic phos- 
phonium salts, and explains configuration inversion, demands linearity between 
the hydroxide and the departing benzyl ion. Such a diapical situation is impossible 
in compounds IV and XI for two reasons. (1) The bicyclic ring skeleton in the salts, 
prevents facial approach to the phosphorus cation from the direction of this bicyclic 
skeleton, and (2) the ring strain which would arise in such a case, due to the CPC ring 
angle deformation, would be very large.i2 

The mechanism we would like to suggest for this hydrolysis, consists of an apical 
introduction of the nucleophik, a pseudo-rotation and an apical departure of the 
leaving group.i3 In the P' intermediate, the C,-P-Cs angle cannot become 120”, 
therefore, one of the C-P or G-P bonds has to be apical, thus defining the mode 
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of pseudo-rotation and the direction of the OH group in the intermediate (a) (Scheme 
2) From these considerations, the only possible P” starting intermediates am (a) 
or its mirror image. Pseudo-rotation about the Ph-P bond as pivot in intermediate 
(a) will result in the formation of (b) in which the be@ group is apical and in the 
proper leaving position to yield the oxide V with retention of the configuration. On 
the other hand, if two consequent pseudo-rotations occur, the fast about the 
PhCH1-P bond as pivot yielding intermediate (c) and the second about HO-P 
bond as pivot, compound (d) with an apical benzyl will be obtained. Consequent loss 
of the benzyl group will then lead to oxide VI with inverted configuration. In the 
hydrolysis mixture which contains the two isomeric oxides, the one obtained by one 
pseudo-rotation is highly predominant (90% in the case of XI and 700/, in the case 
of IV). The obtaining of a higher yield of the inverted compound in the hydrolysis 
of XI could be attributed to either steric factors or to a difference in the pseudorotation 
about the Ph-P as compared to the CHs-P bond, i.e., sp2 towards sp’ hybridization 
correspondingly. 

, (ii) Ph CH, 

(ii) 
Ph I 

-PhCH, 

Ph 

/ 
o=p 

C d 

sc?liIb#B 2 

(i) The direction of OM pseudo-rotation. 
(ii) and (iii) The directions of the two alternating pseudo-rotations. 

After proving that the 8-phospha[3.2.l]octanic system could be synthesized, rt was 
of interest to see whether it could also be prepared from a 1Jcycloheptadienic system 
by a Diels-Alder reaction. Such reactions between alkadienes and different trivalent 
phosphorous compounds are well known. s The only cycle alkadienes which were 
submitted to such a reaction, and did not undergo this reaction, were cyclooctadiene, 
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which is known to be unreactive in normal Diels-Alder reactions, and cyclopen- 
tad&e. One explanation for the lack of reactivity of the latter compound may be 
the high degree of strain which would be created in the resultant product The situa- 
tion in regards to cyclohepta-1,3diene is also not ideal, although this diene is known 
to undergo normal D.A. reactions with dienophiles like N-ph~y~~de.14 From 
a consid~ati~ of mechanism, such a reaction, which should be disrotatory, as has 
been shown latelyis in the reaction of ~c~oroph~ylphosp~c with various dienes, 
could give rise to the desired products. The factors which disturb the reaction am two; 
one is the non planar dienic system found in the most stable conformation of cyclo- 
heptadiene, which has to be co~ected with only one P atom, instead of with two 
atom% as is the case in most dienophiles; and the second factor is the strain of the 
phospha[3.2.1]ring system This is quite high as can be seen from Dreiding models. 
Indeed it was found that the reaction was very slow and only a few per cent of product 
was obtained after several months of reaction between ~~hloroph~ylphosp~e 
and 1,3~cloheptadienyl-l-a~tate (XIII), (Schemz 1). Changing the conditions did 
not improve the yeikl as by-products appeared. Fortunately, almost all of the resultant 
adduct was one diastereomer, out of the four possible ones. The NMR spectrum of 
this compound showed the various groups of protons in the molecule clearly identifi- 
able as shown in Table 1. The required elemental analysis, mass spectrum [Me 2761 
and IR spectrum (v% 3W0,1590,1500 ($9); 1440 (FP); 3000,163O (W); 1735, 
1240 (OAc) ; 1180 (P==O] cm-‘) showed that the compound was the expected 
8-phenyl-8-phosp~bi~clo~3.2~I~~-6cn-l-aoetate~~ The caption on 
the P atom was the same as in the more stable phenyl phosphinie compound I. This 
could be shown by the following correlation: 

XIV xv XVI V 

Hydrolysis of the acetate XIV to XV followed by oxidation to compound XVI 
and hydrogenation of the double bond gave a compound which was identical in all 
respects to the previously known phosphine oxide V. This also establishes the stereo- 
chemistry of the pho~horous atom of XIV. The acetate group on C, is most likeiy 
equatorial as could be seen from the pattern of the C, proton in the NMR spectrum. 
This proton gave a heptet-like multiplet between 6 4.63 and 6 499, which was broader 
than the signaI obtaiued for the same proton in the isomeric compound, where it 
was like a complia&d triplet at S 412-4.32 The details of the preparation of this 
isomer and other related compounds will be published later. 

EXPERIMENTAL 
M.ps were takea on a Unimelt Thomas & Hoover’s Capillary m.p. appratus and are uacorrecttd IR 

spectm were recorded on a Perkin-Elmer Infracord modd 337 spectropbotometer equipped with a NaCI 
prism UV spectra were recorded on a Perkin-Elmer 137 UV spectrophotometer. NMR spectra were taken 
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on a Varian HA-100 spectrometer for S-loo/., soIn in CDCI, containing TMS as an internal standard. Mass 
spectra were taken with a Hitachi Perk&Elmer RMU 6 instrument, the samples being introduced directly 
into the ion soura through a vacuum-lock, electron energy 70 ev. 

8-Phenyl-8-phosp/uab~cycyclo[3.2.l]octan-3-one (I). A mixture of cyclohepta-2,6dien-l-one (13.5 g) and 
phenylphosphine (14 gr) was heated for 12 hr under N, at 140-150” on an oil bath. When the reaction was 
over, depending on the IR spectrum of the reaction mixture (i.e. disappcarana of the band at 1650 cm-’ 
and appearancz. of the carbonyl band at 1700 cm-‘) the soln was cooled to room temp and the unreacted 
reactants were removed under high vacuum. The residue containing compounds I and II was crystallized 
and compound I crystallized out, m.p 144-146” (acetone; 47%). Compound I was also obtained by 
sublimation of the above residue at 15o”fl4 mm L_ 247 mp (425); ei 3030, 1700, 1590, 1445 cm-‘. 
(Found: C, 71.24; H. 6.80; P, 1364. C,sH,,OP requires: C, 71.55; H, 6.93; P, 13.87%). 

2,24.4d,-8-Phenyl-8-phosphabicyclo[3.2.l]ocran-3-o~ (d,-I). To a soIn of I (100 mg) in dioxan (6 ml) 
under N,, a mixture of DCl and D,PO, (2 ml) (previously made by hydrolysis of PCl, (300 mg) with D,O 

TABLE 1 

Comp. H, ; Hs HIH,;H,H,. H,H,; Hs.H, 
Aromatic 
protons 

Other protons 
Sol- 
vent 

I 

III 

N 

V 

VI 

VII 

VIII 2.262*80(2H) 

Ix 

X 

XI 

XII 3*3*70(2H) 300-3.70(48) 2*3&2*80(4H) 

XIV 

xv 

XVI 

2*72-3*00(2H) 

404t(2H) 

3*95q2H) 

24O-3-00(28) 

2*62-2+0(2H) 

1.70-2.80(2H) 1*70-2.80(48) 1*70-2.80(48) 

2*2*70(2H) 2GO-2*70(4H) 20&2*70(4H) 

190-3.2q2H) l%-3.20(4H) 19&3~20(4H) 

2*88+(2H) 2.08-2.50(4H) 6.13 m (2H) 

2*87+(2H) 1.68-2*60(4H) 608 m (2H) 

32t&344(2H) 6.27 m (2H) 
22&2.86(28) 

2.52-266(2H)* 1.80t(4H) 
272-300(2H)* 

3*20--370(4H)* 2.20-2*78(4H) 

3.10-3.80(48) 2.2&2.70(48) 

240-3GO(2H)* lW-210(2H) 
3.3&360(2H)* 

2.62-2*90(4H)* 2.62-290(2H) 
1.80-240(2H) 

l W-2.20(2H)+ 1.36160(2H) 
2W-3=@0(2H)* 2*20-2.60(2H) 

1.94+(2H)* 2.262.80(48) 
2*15+(2H)* 

7*3Ot(5H) - 

80&&So(SH) 2*9ld(J = lS)P--CII, 

7*28t(2H) 4.65d(J = 14)Ph-C& 
7*56t(3H) 499d(J = 19)Ph-C& 
7%t(5H) 

7.42-7.62(3FI) - 
7*65-7*88(2H) 

7+O-7.70(38) - 
7*73-7*96(2H) 

740-7+0(3H) 390(4H) ;“I+ 
7*60-7.80(28) 

/ 
C&-O 

744-764(3H) 3+66(2H) C& 
7+64-7*90(2H) 393(2H) 1 --x 

Gil-d 
7.36+(5H) 3.27d(J = 14)Ph-_EH, 

7~16740(5H) 3.28d(J = 14)Ph-C& 

7*56+(5H) 2*31d(J = IS)P-C& 
495d(J = 14)Ph-C& 
4.23d(J - 14)Ph-C& 

7.30-796(1OH) 399d(l = 14)Pb-C& 
45od(J = 14)Ph-C& 
4G7d and 478d 

7.25-75q3H) 2.03 s (OCOCH,) 
750-7%0(2H) 4.81 m C-3-H 

7*35-745(3H) 3.62 m C-3-H 
7.547%0(2H) 

740-760(3H) - 
7+0-T88(2H) 

a 

b 

b 
C 

a 

a 

a 

a 

C 

a 

b 

a 

a 

Solvents: a CDCI, b DsO c ds-DMSO. 
l Disappears in the deuterio compound 
t A narrow multiplct. 
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(2 ml)) was added. The mixture was stirred overnight, after which the solvent was removed under high 
vacuum, After repetition d the above procedure, compound d,-I was obtained. (Found: M+222; 
C,sH,,D,OP requires: MW 222); e 3030.2200,2100.1700,1590,1445 cm-‘. 

8-Phenyl-8-methyl-8-phosphoniwn-bicyclo[3.2.1]0ct~n-3-0~ iodide III. Compound I(2.2 g) was dissolved 
in acetone (50 ml) and Me1 (1.7 g) was added, with stirring The phospbonium salt precipitated out immed- 
iately as a white ppt. The salt was cqstallixed from water yielding 3.35 g (93%) m.p. 239-240” c 3040. 
1700, 1580, 1450 cm-‘; L_ 252 (256), 260 (2.77), 266 (2.93), 272 (2.87) mp. (Found: C. 46.62; H, 5Q9; 
I, 35Q9. C,JI,sOP I. requires: C, 46-69; H, 504; P, 8.40; I, 35.24%). 

8-Phenyl-8-benzyl-8-phosphoniwn-bicyclol chloride IV. Compound I (2.2 gl was 
dissolved in freshly distilled acetonitrile (50 ml), and freshly distilled benyl chloride (19 g) was added. The 
mixture was refluxed under N, overnight. After cooling and concentrating the volume of the acetonitrile 
to about half the original volume, a white solid was obtained. The salt was crystallized from EtOH-EtOAc 
m.p. 267-269”; cd 3050,3020, 1705, 1580, 1565 cm-‘; 1,, 260 (3-X 267 (3.20x 274 (398) rnk (Found : 
C, 69.57; H, 6.47; P, 9.72; Cl, 1058; C,,H,IOPCI. Requires: C, 6966; H, 6.43; P. 9.22; Cl, 1@2vL). 

8-Phenyl-8-oxo-8-phosphabicyclo[3.2.l]oc~an-3-ones V and VI. The mixtun of I and II (4.5 9) was dis- 
solved in chloroform (60 ml) and 30”/, H,O, (2.5 g) was added, dropwise, to the cooled soln. The heterogenous 
mixture was stirred vigorously for 2 hrs diluted with more chloroform and washed several times with a 
5% FeSO, soln until a negative KI test was obtained, then washed again with water and dried over Mg!SO*. 
Evaporation left a crystalline residue (46 g) which, after crystallization from ace.tonitril+ gave two different 
crystalline compounds: Compound V m.p. 235-237” (3.5 g); #& 3040, 1700. 1590, 1450, 1175, 810, 780. 
750,730,690,525,495,470 cm-‘; L 253 (2.67X 259 (2.94),265 (3.11). 271 (395) rnk (Found: C, 66.66; 
H, 6500; P, 13.13. C,,H,,O,P, requires: C. 66.63; H, 6.46; P, 12.92%) and compound VI m.p. 247-278 
(04 g); c: 3050,3030,1700.1590,1440.1180.800,760,730,700,550.500 cm-‘; &,,, 254 (2.551260 (2.78). 

TALIL~ 2 

A6 (c/s) 

Cl, c,* Ethylene-ketal 

V -4Ok5 a.-7 b.-14 -7 - 
VI -37 f 5 -4 a.-3 b.-10 - 

VII -54*5 a. -3 b. -11 a.-5 b.0 a. +3 b. +15 
VIII -47 f 5 -1 a. -3 b. -11 0 

a One pair of the protons. 
b The second pair of the protons, moat likely the pair whi& is geometrically nearer to the uranyl 

Broup. 

* The +5 c/s results from the uncertainty in the locaticm d the C, and Cs protons in tbc uncomplexed 
compounds. 

266 (2.%), 273 (290) rnp_ (Found: C, 66.52; H, 646; P, 13.29. C,,H,,O,P, requires: C 66.63; H, 646; 
P. 12.92%). 

Z2,4,4d,-8-phenyI-8~xo-8-p~~p~~yclo[3.2.l]octan-3~,nesd,-V and d,-VI. Compound V (100 mg), 
dissolved in a soln prepared from MeOD (8 ml), Na (100 mg) and D,O (2 ml), was heated under N, for 
1 hr. was cooled and evaporated under reduced press. The residue was dissolved in chloroform and washed 
with a small portion dD,O. The chloroform soln was dried (MgSOJ and evaporated to yield the crystalline 
oxide d*-V (85 mg); e 3040,2200,2100.1700.1590, 1445.1175 cm-‘. (Found: Ma222 C,,H,,D,O,P. 
requires: 222). 

Compound d,-VI was obtained by the same proczdure as described for the preparation of compound 
d,-V; c 3054 3030,2X@, 21CQ17CQ 1590,1445,1180 cm-‘. (Found: M’222 C,,H,,D,O,P, requires: 
222). 

8-Phenyl-8-oxo-8-phosp/u1bicyc~o[3.2.l]octan-3-etkylene ketals VII and VIII. Compound V (100 mg) 
dissolved in benzene (25 ml) together with ethylene glycol (40 mg) was refluxed ozeotropically for 5 hr in 
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the presence of a catalytic amount of p-TsOH. The cooled soln was washed with 10% Na,CO,aq , water, 
dried and evaporated to yield VII (100 mg) m.p. 180“ (M&N); e 3040,1590, 1445, 1175. 1110 cm-’ ; 
& 252 (256), 259 (2.84), 264 (3%), 271 (3Gfi) mp (Found:‘C, 64.47; H, 6.91; P, lQ74. C,,H,,OsP, 
requires: C, 6474; H, 6.88; P, 10*88%). 

Compound VIII was obtained by the same procedure, m.p. 192” (MeCN) v= 30543030, 15% 1450. 
1180; 1110 cm-i. (Found: C, 6455; H, 690; P, 1068, C,sH,,O,P, requires: C, 64.74; H, 6.88; P, 1@88%). 

2,2,4,4d,-Ketals da-VII and d,-VIII. Compounds (Lb-VII and d,-VIII were obtained from d,-V and 
d*-VI respectively by the same procedure as described for VII. 

Compound d,-VII m.p. 180“ (MeCN) (Found: M*282. C,sH,,D,O,P, requires: Mo282). 
Compound d.-VIII mp. 192” (MeCN) (Found: Me282 C,,H,sD,OsP, requires: Ma282). 
8-Bentyl-8-phosphobfZo[3.2.lfoctan-3-one (IX). A mixture of 2,6_cycloheptadienone (4.8 g) together 

with benxyl phosphine (54 g) was heated for 2 hr under Nz at IW, on an oil bath. Following high vacuum 
distillation of the unreacted reactants, the residue was separated by chromatography under N, on a silica 
gel column (Merck 7734). Elution with chloroform yielded IX (1.5 g) m.p. IM” (benzene-hexane); vz 3030, 
1700. 1590 cm-‘. (Found: Ma232 C, 72.63; H, 7.45; P, 13.32 C,,H,,OP, requires: Mo232; C, 72.40; 
H, 7.38; P, 13%%). 

Further tlution with CHCl,-MeOH (95:s) yielded the corresponding oxide X m.p. 155” (benzene); 
vz 3040, 1700, 1590, 1180 cm-‘; 2 254 (2-04), 260 (21)7X 266 (2+lO), 269 (1.89) rnp (Found: C, 6758; 
H, 6.91; P, 1@61, C,,H,,OaP, requires: C, 67.73; H, 690; P, 11.20%). 

8-Benzyl-8-oxo-8-phosphabicyc1o[3.2.l]octan-3-one-X. Compound IX was oxidized under the same 
conditions as described for 1 and II yielding X which was identical in all respects with the compound 
obtained before by air oxidation. 

8-Benzyl-8-methyZ-8-pkospironfwn-bifyci iodide XI. Compound IX (550 mg) dissolved 
in acetone (5 ml) was treated with Me1 (4OOmg). Following the same work-up asdescribed for the mcthiodide 
III, methiodide XII was obtained, m.p. 285” (H,O); v,“,’ 3030, 3020, 1705, 1590 cm-‘; Zzz 253 (243), 
259 (2.39). 266 (2.28), 269 (205) mu. (Found: C, 48.08; H, 540; I, 34.14, C,,H,,OPI, requires: C, 48.15; 
H, 5.39; P, 8Q9; I, 33.91%). 

8-Dibenzyl-8-pkospkium-bicyclo/3.2.l]octon-3-ow chloride XI1 Compound XIII was obtained from IX, 
by following the same procedun as described for the preparation of IV, yielding crystals, m.p. 208” (EtOH- 
EtOAc); pd 3040,3020,1705,1600,1580 cm-‘; d, 250 (256), 254 (270), 260 (2.86) 266 (2.76). 270 (2-56) 
mp. (Found: C, 7025; H. 680; P, 973; Cl, 10.65: Cz,H,,OPCl, require: C, 7@29; H, 674; P, 944; 
CL 9.98%). 

Hydrolysis of compound IV. To a soln of IV (80 mg) in water (2 ml) a T< NaOH aq (2 ml) was added 
dropwise, toluene was immediately detected. After 2 hr of stirring the soln was neutralized by the addition of 
a 5% NClaq and was extracted with chloroform. The chloroform was washed with water, dried and 
evaporated. The white solid thus obtained was crystallized from acetonitrile yielding a mixture of V and 

VI in the ratio of ca. 9 : 1 respectively. 
Hydrolysis of cornpot& XII. Hydrolysis of XII (100 mg) under the same conditions described for the 

hydrolysis of IV, gave an oily mixture of the two possible epimeric 8-methyl-8-oxo-8-phosphabicyclo- 
[3.2.l]octan-3-ones in ratio of c& 3 : 1 according to the NMR spectra data. 

3,5-Cyclokeptadiene-l-acetate XIII. 3.5-cycloheptadienl-ol(2 a) dissolved in pyridine (10 ml) was heated 
on a steam bath for 1 hr with AczO (4 ml). The cooled mixtum was poured into crushed ice, which was 
then extracted several times with 100 ml portions of ether, the ether was washed with l(p/o HClaq water, 
5% NaHCOsaq and then with water again, dried and evaporated. The residue was distilled yielding XIII, 
b.p. 78-79O/7 mm (2.2 8); 9s 3000,174Ci, 1100, ldoo cm-t; NMR spectrum: 6 2+t2 s (OCOC&) (3H); 
256 t (J = 2) (allylic protons) (4H); SW-520 m (C-l-H) (1H); 560-6*10 m (olefinic protons) (4H). 

3-Acetoxy-8-pkenyl-8aw-8-pkosphbicycIo[3.2l]ucta4-eneX~. 3Jcycloheptadeiene-1-acetate(l.52g) 
was mixed with dichlorophenylphosphine (163 ml) and a trace of copper stearate in an ampule and sealed 
under N,. After 2 months, the mixture was poured into crushed ice, then extracted with several portions of 
100 ml ether. The ether was washed with 5% NaHCOsaq, water, then dried and evaporated The residue, 
a&r high vacuum evaporation at 100”. was c~o~to~aph~ on a silica gel column (Mach 7734) Elution 
with chloroform gave XIV, m.p. 172-173” (EtOAc); d- 2% (4.17); 220 (4GQ; 255 (2-67); 260 (2-84); 
266 (2.w); 272 (2.89) mp; c 3040, 3OfQ 1735, 1630, 1590, 1440, 1240, 11%) cm-‘. (Found: C., 6497; 
H, 6.20; P, 1245. C,,H,,OsP, requires: C 65.21; H, 620; P. 13.11%). 

3-Hydroxy-8-phmyl-~xo-8-phosphabicyc~[3~.1acta~-6-mc XV. Compound XIV (100 mg) was left 
ovemight in the presence of methanolic KOH (1%; 10 ml). The soln was neutral&d by the dropwise 
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addition of 5% HClaq and most of the solvent was removed tmda reduced ptwa The residue was diluted 
with ether, washed with water, dried and the solvent removed. The product was crystalked from EtOAc, 
m.p. 254”; v,” 3350, 1425, 13344 1254 1190, 1160, 1020. 1065. lCM0, 100s. 995 cm-‘. (Found: C, 66.72; 
H, 6.53; P, 12Q3; Cr,H,,OsP. requires: C, 66.63; H, 646; P. 12927& 

8-Phnyl-8d~8-phosphabicycloV.2.l]~tan~-3~~ KVL To a cooled, stirred soht of Xv (50 me) 
iu acetone (10 ml) Jouea reageut was added. After 1 hr (at O-57 the excess ofreageut was destroyed by adding 
a few drops of MeOH and the solvent was removed under reduced press. The residue was diluted with ether, 
washed with wad, dried and the solvent was removed. Crystalhration from EtOAc yiekled XVI, m.p. 
U)7-208”v~170414M,1~11991165,1120,990cm-’.(Found:C,67~40;H,5~38;P,12~91.C,,H,,0,P, 
requires: C, 6724; H, 564; P, 13.34%). 

Hydrogenatttm of compound KVI to V. Compouud XVI (10 me) in abs EtOH (10 ml) was hydrogeuated 
over 1004 PtOs 011 charcoal at atm press and room temp for 15 hr. The product obtained following the 
work-up was ideutical iu al) mspecta with V. 
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