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A two-step formal insertion of 1,1,1,5,5,5-hexafluoro- (2a) 
and 1,111-trifluoropentane-2,4-dione (2b) into the P-H bonds 
of phosphane gave the primary a-hydroxyphosphanes 3 and 
4, precursors for the resulting secondary phosphanes, 6,9-di- 
oxa-2-phosphabicyclo[3.3.l]nonane (6a) and 2,4,8-trioxa-6- 
phosphaadamantane (?), both formed diastereospecifically. 

The molecular structures of 6a and 7 were established by 
single-crystal X-ray structure analysis which revealed two in- 
dependent molecules for 6a in the unit cell possessing a 
chair-boat conformation with a C-P-C angle of 95.4(2) ', 
and a characteristic heteroadaniantane geometry for 7, with 
the corresponding angle being smaller by 4.9 O ,  

Phosphane, PH3, adds to activated ketones, e. g. 
1,1,1,3,3.3-hexafluoro- and 1 ,1,1-trifluoropropanone, to 
furnish primary and secondary a-hydroxyphosphanes: 
Hi - ,,P[C(CF,)R(OH)],, ( n  = 1, 2; R = CF3, CH3).['1r21f31l41 
A similar reaction carried out with pentane-2,4-dione, in 
the presence of a strong acid, results in the lormation of 
diastereomerically pure 1,3,5,7-tetramethyl-2,4,8-trioxa-6- 
phosphaadamantane.lSl 1,3,5-Triaza-7-phosphaadamantane 
and its reductive cleavage products, namely N-methyl-P- 
alkylbicyclo[3.3.l]nonaiics, arc alrcady used as transition- 
metal ligands. [61[7] Fluorinated pentane-2,4-diones (e.g. the 
tautomers['] of 1,1,1,5,5,5-hexafluoro- and l,l,l-trifluoro- 
petitane-2,4-dione) and phosphane could lead to bicyclic 
compounds or to phosphaadamantanes. Both diones 
proved to be versatile reactants for the synthesis of phos- 
phorus-containing mono-, hi- and tricyclic phos- 
phoraiies. 191 ['O] 1' '1 

Results and Discussion 

In an "insertion" rea~tion[~]['][~]L~1 without any auxiliary 
acid, phosphane (l), and the keto/enol tautomcrs 2a and 2b 
of 1,1.1,5,5,5-hcxafluoro- and 1 :1 ,l-trifluoropentane-2,4-di- 
one furnished the primary (R, S)-a-hydroxyphosphanes 3a 
and 3b, whose enol functions probably isomerized rendering 
the corresponding ketoncs 4a and 4b (Scheme 1). A similar 
tautomerism was observed in the reaction product with di- 
ethyl phosphite, where the keto group of compound 2a "in- 
scrted" into the P-H fun~tion.l '~1['~1 Further addition of 
2a and 2b to 4a and 4b and isomerisation afforded the for- 
mation of the secondary bis(u-hydroxy-y-oxo)phosphanes 
5a and 5b, which. upon standing for 7 d at ambient tem- 

peraturc, or healing for a short time at 80°C, produced col- 
orless crystalline solids, surprisingly 1,3~,5,7P-Tetrakis(tri- 
fluoromethyl)-6,9-dioxa-2-phosphabicyclo[3.3. llnonane- 
38,7a-diol (6a) and I ,7-trifluoromethyl-3,S-methyl-2,4,8- 
trioxa-6-phophaadamantane (7) (Scheme 2). in good yields 
(82 % for 6a, 73 '% Tor 7), exclusively one diastereomer in 
each case. The main mechanistic feature of these reactions 
is a consecutive diastereoselective hemiketal cyclization. 
The PH2 group of (RS)-4a and (R9-4b probably add to the 
keto functions of 2a and 2b, assuming an orientation of the 
internal chelates[141 by an additional attractive OH...n 
interaction["] [see Scheme 2; pathways are depicted for (s>- 
4, exemplarily] to give (RR)- and (SS)-Sa and -5b exclus- 
ively. The a-hydroxy group in one C(OH)(CF3)CH2C- 
(0)CF3 substituent of compound 5 could form a cyclic 
chair-configurated hemiketal (intermediate A, R = CF3, 
route I .  Scheme 2) with the y-0x0 group of the neighboring 
substituent. The new 6-hydroxy group in the proposed 1,3- 
oxaphosphirane ring by virtue of the anonieric effcctl"] is 
located axially (like the already existing 4-hydroxy group), 
thus creating a new (,!+carbon center starting from the 
( R R )  precursor and a new (R)-carbon center from the (Ss)  
precursor. The n..ciully oriented 6-hydroxy and not the 
possibly competing 4-hydr0xy"~l group in its turn induced 
a further anomeric effect[16] controlled hemiketal cyclisation 
with the remaining keto function furnishing bicyclic com- 
pound 6a in the (lS,3&5R,7R) or the mirror image 
(IR,3R,jLY,7S) configuration (see Scheme 2). The HO 
groups in 6a arc in an cr,B-arrangement (chair-boat confor- 
mation of the two rings, see discussion of the X-ray struc- 
ture determination), unablc to split off water intramolecu- 
larly. An additional final (lR?3S,5S,7R) or (IS.3R,5R>7S) 
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7 6h 

geometry of 6a could not be round excluding the ( R S )  or 
(SR)  configuration in the precursor phosphane 4a. 

Intermediate A (R = CH?, route ff, Scheme 2) led to the 
bicyclic phosphane 6b having (RRSS) or (SSRR) configu- 
ration by allowing the axial a-hydroxy group in 4-position 
to interact with the free keto function. In this casc, the 4- 
OH group is more acidic than the 6-OH moiety due to the 
presence of a CF3 substituent at C-4 and thus is preferred 
in the hemiketal formation. The two new HO groups, be- 
cause of the double chair conformation of the two rings in 
close vicinity to one aiiothcr, cnable a condensation reac- 
tion to give phosphaadamantane 7 and water. From (RS)- 
or (SR)-4b and 2b and from their resulting (RSS) or (SRR) 
intermediates the second cyclisation with the respective a- 
hydroxy moiety (4-OH) is not possible for steric reasons. 

The primary phosphane precursors 3 and 4 were not 
separated successfully, since upon distillation, only 6a or 7 
and phosphane were obtained, indicating the thcrnial insta- 
bility of the primary phosphanes. 

The X-ray diffraction investigation showed two sym- 
metry-independent molecules, A [absolute configiiration 
(lS,3SSR,7R)] and its mirror image B [absolute configu- 
ration (1R,3R,5S,7S)] in thc unit cell of the heterobicy- 

clononane 6a (see Figure 1 and Table 1); B exhibiting minor 
but not significant differences. Therefore, only the molecu- 
lar structure of 6aA will be discussed. l h e  bicyclic Eystem 
consists of two six-membered rings. one [P( 1),C( la),C(2a) 
C(3a),0( I a),C(4a)] in a chair conformation (puckering pa- 
rameters['8] Q = 60.1 pm, 8 = 173.0 O, 0 2 108.2 ") 
with P(l)-H(la)1191 and C(la)-0(3a) in the axial, C(1a)- 
C(9a)F3, C(3a)C10a)F3, and C(4a)-C(8a)F3 in the equa- 
torial position; the other ring [0( la),C(3a).O(2a),C(6a), 
C(5a),C(4a)] was found to be in a boat conformation 
(puckering parameters Q = 69.2 pm, 8 = 91.3 ', = 179.9 
") with C(ba)-0(4a) and C(6a)-C(7a) located equatorially. 
The two hydroxy groups are in an endolexo position, un- 
available for intramolecular water abstraction to give a het- 
eroadamantane system. A double chair geometry is usually 
found in heterobicyclo[3.3. llnonaiies. e. g. N-methyl-P- 
alkylbicyclo[3.3.l]nonanes. 1'1 The conformation observed in 
6a is obviously due to steric and electrostatic repulsions of 
the rather bulky endo substituents at C(1) or C(6).L2OI In 
addition, the chairhoat conformation is stabilized by the 
O(1a). .H(4 1)-0(4a) hydrogen bond [0(1a)..-0(4a) 288 9 
pm]. Finally, if the reaction path from 5a to 6a is simulated 
in a model, the C(6a)CF3 group i? fbrced into an endo posi- 
tion. The bond lengths and angles in the two rings, e.g. 
P(1)-C(1a) 189.6(4). P(l)-C(4a) 189.1(4) pm and 
C(la)-P(l)-C(4a) 95.3(2) ". are similar to those found 
elsewhere. [71 

Figure 1. Molecular structurc of compound 6aA (only one of the 
two symmetry-iiidcpendent molccules: thermal elipsoids with 50 YO 

probability) 

Table 1 .  Selected bond lengths [pin] and angles ["I of 
compound 6aA 

P( 1 )-C( la) 189.5(4) 
O( 1 a) - C( 3a) 139.7(4) 
0(2a)-C(3a) 142.6(4) 

C(7a)-b(71a) 133.4(4) 
C( la)-P( 1)-C(4a) 95.4(2) 

C( 1 a)-C(2a)-C(3a) 114.6(3) 
P( 1 ) - C(4a) - O( I a) 1 12.8(2) 

C( la)-C(2a) 153.6(5) 

C(3a)-O(la)-C(4a) 113 4(3) 
P(l)-C(la)-C(2a) 113.9(2) 

P( I)-C(4a) 
O( 1 a)- C(4a) 
0(&) - C( 6a) 
C( 3 6  - C( 1 Oii) 

C(3a) -0(2a)- C(6a) 
P( 1)-C( 1 a)-0(3a) 
0(3a)-C(la)-C(2a) 
O(2a)- C(3a) - C(2a) 
O( 1 a)-C(4a)-C(8a) 

1S9.2(4) 
144.6(4) 
139.8(4) 
I 5 5.3( 5) 

116.3(3) 
105.2(2) 
113.2(3) 
110.4(3) 
101.3(3) 
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The single-crystal X-ray study of 7 (see Figure 2 and 
Table 2) showed the structure to consist of two equicalenl 
phosphaadamantane molecules in the unit cell. The CF; 
groups were found in a-positions to the phosphorus atom. 
The bond lengths P(1)-C(l) and P(l)-C(4) of lSSS(2) 
and 188.7(2) pm are similar to those observed for 6a and 
1,3.5-triaza-7-phosphaadamantane, whereas the angle 
C(l)-P(l)-C(4) [89.41(7) "1 is significantly smaller than 
the corresponding paramcter of 6a; the C-C distances 
i n  the six-membered rings are comparable with thosc ob- 
tained here. The conformational analysis of the four 
sixmembered rings proved the expected chair geometry. A 
minor deviation of the phosphorus-coiitaining ring 
[P(l>,C(l),C(2).C(3),0( 1),C(4)] was observed leading to the 
puckering paiameter~"~]  Q = 70.9 pm, Q = 170.0 O ,  @ = 

198.8 O. 

Figuie 2. Molecular structure of coinpound 7 (thermal elipsoids 
with 50 % probability) 

F1931 
m 

Table 2. Selectcd bond lengths [pin] and angles ["I of 
conipound 7 

188.6(2) P( 1) - C(4) 188 7(2) 
142 8(2) 152.6(2) C(1)-0(3) 
132.6(3) C(l)-C(9) 151.9(2) C(8)-F(81) 

C( 1) -P( I)  - C(4) 89.5( 1) 108.3( 1)  
P(l)-C(I)-0(3) 112.7(1) C(2)-C(1)-0(3) 110.0(2) 
C(2)-C( 1)-C(9) 1 1 1.8( 1) O(3)-C( 1)-C(9) 105.2( 1 )  
C(I)-C(2)-C(3) 108.8(1) O(1)-C(3)-O(2) 110.6(1) 
C(2)-C(3)-C(IO) 114.5(1) C(3)-0(1)-C(4) 114.7(1) 
P(l)-C(4)-0(1) 109.5(1) P(l)-C(4)-C(5) 111.6(1) 
O(I)-C(4)-C(8) 103.9(1) C(4)-C(5)-C(6) 108.9(1) 

P( 1) - C(1) 
C(1)- C(2) 

P( 1) - C( 1) - C(2) 

NMR spectroscopy was essential for monitoring the reac- 
tion pathway and supporting the proposed mechanism. For 
1 and 2a after 2 d at room temperature, the a-hydroxyphos- 
phanea 3a14a and the secondary phosphane 5a could be 
identified as intcriiiediate products by their 3'P-NMR shift 
and 'JPH/,JpF values["] [3a/4a:[221 6 = -115.3 (tdq), 
-118.5 (ttq); Sa: -76.6 (dm)]. Within the limits of error 
one tautonicr of 5a was present exclusively. For the bicyclo- 
nonane 6a, the main product, one would expect a doublet 
of quadruplcts of quadruplets of triplets of triplets. We ob- 

served a doublet of deceptively simple multiplets (1 1 lines) 

3 J p H  = 10.5 Hz). The two resonances at & = -83.5 
(3Jpy; = 15.7, 4JFH = 1.1 Hz) and 6F = -85.7 (iJpF = 12.9, 
' J H F  -= 1.3 Hz) in the IYF-NMR spectrum were assigned to 
the CF3 groups in vicinity of phosphorus> the two signals 
for the othcr two CF3 groups were overlapping to give one 
resonance at 6F = -90.1. 

For the reaction of phosphane and 2b only one signal 
[S = - 1 17.5, tq, 'JpH = 200.0. 3J,,b = 4.3 Hz) in the 31P- 
NMR spectrum was found due to the primary a-hydroxy- 
phosphane"", whose four resonances in the 'H-NM R spec- 
trum [?I = 2.26 (CH,), 3.10 (CH,), 3.28 (PH,), 5.17 (OH)] 
showed the presence of isomer 4b. The chiral center at the 
a-carbon atom did not cause magnetic inequivalence for 
the methylene group hydrogen nuclei. The proposed inter- 
mediates 5b and 6b could not be observed. For the phos- 
phaadamantane 7 a doublet of quadruplets of quadruplets 
was found in the 3'P-NMR spectrum (6, = -74.6[21], 
lJpH = 206.3, 3Jpr, = 15.3, 3Jpr = 16.0 Hz). The assign- 
ment for the CF3 groups was difficult because of the similar 
chcmical environment. 

We thank the Hoechst AG and the Solvay Flnor und Derivaie 
GwbH for the donation of starting materials. Financial support by 
thc Deritsche FouschungsgemeinschL$t and the Fonds der Chenzischen 
Industrie is gratefully acknowledged. I? IT. Wessel is thanked for 
drawing the schemes. 

at Sp = -72.8[201 ( lJpH 207.4, ,JpF 15.2. 3 J p F  13.2, 

Experimental Section 
The appropriate precautions for handling moisture- and oxygen- 

sensitive compounds were observed throughout this work. - 
Analyses: Mikroanalytisches Laboratorium Beller, Gottingen. - 
MS: Varian-MAT CH 7A spectrometer at 70 eV (EI). - NMR: 
Rruker AC 80 instrument at 80.13 MHz (l H. standard TMS), 75.39 
MHz ( I 9 E  standard CC13F), and 32.44 MHz ("P, standard 85% 
H,PO,). High-field shifts from TMS. CCI3F, and 85 % HjP04 were 
given negative signs. - The single-crystal X-ray structure determi- 
nation was performed at 153 K with a Siemens P4 diffractoinetcr 
using graphite-nionochromated Mo-K, radiation (L = 71.073 pni). 
The structures werc solved by direct methods and refined by full- 
matrix least squares on F' using the SHELXSTL PLUS (VMS) 
prograin package. 

(1 S,3S, 5 R, 7 R )  - / I  R,3R,SS, 7s) -I,3a,S, 7p- Tetmkis ( tr i -  
jluomnie f hyl) -h.9-dioxa-2-phospkabicyclo (3.3.1 ]nonane-3p, 7cc-diiol 
(6a); ( R S )  -~4,4,4-Tr~flzroro-I-hydroxy-3-0~0-1- [ ~r~Iuorome~Jiv1) - 
hutyl]pphosphane (4a) and (RR,SS)  -Bis(4,4,4-triJluoro-l-hydroxy-.3- 
0x0-1- (tr(fluoroi?iethj4) birt~v1/phosphune (Sa): Into a heavy-walled 
glass tube, equipped with a Tellon'* stopcock, was placed 30.0 g 
(143 mmol) of 2a and 2.7 g (80 mmol) of I .  This mixture was kept 
for 2 d at ambient temperature. After removal of the volatiles in 
vacuo, a viscous liquid remained containing compounds (RS)-3a, 
(RS)-4a, (RR,SS)-Sa and (RRSS.SSRR)-6a in a 1:1:2:10 ratio 
[(RS)-3a/(RS)-4a: 3 'P  NMR (CDCl,): 6 = -115.3 (ttq, 'JpII = 

3JrH = 10.5 Hz, jJPp = 4.1 Hz). 5a: ,IP NMR (CDCI3): -76.6 
(dm, ' J p H  = 211.0, jJpH = 10.5, 3Jpr, = 10.1 Hz)]. Crystalline col- 
orless (RRSS.SSRR)-Ga slowly precipitated. A k r  5 d at ambient 
temperature and successive removal of phosphane. 29.0 g (82 YO) of 
compound 6a (m. p. 76"C, subl. 4OoC/0.001 Torr) remained. Heat- 
ing of the starting materials, 3.0 g of 2a and 0.3 g of 1, for 2.5 h 

and 

206.5, 'JpH = 8.5. 3.1p, = 5.2 Hz); -118.5 (tdq, 'JpEl = 204.2. 
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at 80°C gave 2.9 g of 6a. - MS ( 2 0 " ~ ) ;  M ~ / Z  450 ( 3 )  [M - 
Hzo]', 335 (5) [M - H2O - CF,CO]+. 242 (32) [M - 
CF,C(O)CHK(O)CF?I '; 161 (48) [CF,C(O)CHzCF:], I39 (72) 
[CF,C(O)CHCXO)H'], 97 (46) [CF,CO-], 69 (100) [CF:]. and 
other fi-agments. -'H NMR (CDCIJ: 6 = 2.30-2.70 (m, 2 H, 
ABX system), 2.85-3.45 (ni, 2 H, ABX system), 3.05 (s, 1 H, OH), 
3.98 (dqq. 1 H. PH, 'Jpkl = 207.4. 'Jp1-l = 1.3, ' J F H  = 1.1 Hz). - 
"F NMR (CDCl;): 6 = -83.5 (dd, 3 F, CF3, 3JpF = 15.7> 'JbH = 
1.1 Hz), -85.7 (dd, 3 F, CF,, ' J ~ F  = 12.9: '.JPH = 1.3 Hz), -90.1 

207.4, 3 .1p~  = 15.2, 3 J p ,  = 13.2, 3Jp~ i  = 10.5 fir). - CIOH7F1$)4P 
(s, 6 F, CF,). - 31P NMR (CDCI,): F = -72.8 (dqq"quiiit", 'JpH = 

(450.12): calcd. C 26.68, €I 1.57, F 50.65, P 6.88; found C 26.56, 
H 1.71, F 50.40. P 7.08. - The data collection for the X-ray struc- 
tural study of compound (SSRR)-6aA and (RRSS)-6aB[23] (single 
crystal 0.3 X 0.5 X 0.65 mm, monoclinic P2Jc with a = 

1217.3(2), h = 1009.0(2), c = 2439.8(4) pin, p = 96.03(2) '. Z = 
8, D(ca1cd.) = 2.007 Mg/ni3, cell volume 2.9801(9) nmi, absorption 
coefficient 0.343 mm '. difference electron dcnsity 519 and -561 
e nm-') was carried out in a 0-range 1.68-27.06 '. reflections col- 
lected 7057. indcpendent reflections 6527 (RinC = 0.0518), goodness 
of fit on F' 1.069; final R values [I > 20(T)]. HI = 0.0561, wR2 = 
0.1301; R value (all reflections) RI = 0.0921, wR2 = 0.1585. 

3, j-lMeth$-I, ?-tr~fluo~ometii~~~i-2,4,li-trioxu-6-phophuadi~inaiztaiic 
(7) and iRS)-ll-H1.~l%o.\-r-3-o.uo-i-J-( friflioro~izeth~l~biit);llphos- 
plzaize (4b): Into a heavy-walled glass tube, equipped with a Tcflonm 
stopcock, was placed 22.7 g (150 mmol) of 2b and 6.8 g (200 inmol) 
of 1. The mixture was heated for 30 niin at 80°C. Alter removal of 
all volatiles in vacuo, a liquid, compounds 4b and 7 (1:s) [4b: 'H 
NMR: 8 = 2.26 (s, 3 H, CH-J. 3.10 (111, 2 H, CH,), 3.28 (d: 2 IH, 
PH', ' J H p  = 200.0 Hz), 5.17 ( s ,  1 H, OH). - "F NMR: 8 = -83.90 
(d, 'JFP = 4.3 Hz). - 31P NMR: 6 = -1 17.5 (tq)] and a solid, 
compound 7, remained. Heating of the liquid again under the con- 
ditions iiieiitioncd above gave rise to the formation of 1 and 7. The 
yield of compound 7 (ni, p. 67-69"C, subl. 45"C/0.001 Torr) was 

- CH,CO]+, 69 (42) [CF:], 43 (100) [CH,CO+] and other frag- 
ments. -'H NMR (CDCI,): 6 = 1.51 (s, 6 H, CHI), 1.90-2.50 (m. 
4 H, ABX system), 3.45 (d, 1 H, PH, 'JpH = 206.3 Hzl. - I9F 

17.4 g (73 %). - MS (20°C); f d z  (%): 324 (53) [M' ] ,  281 (38) [M 

NMR (CDC13): 6 
(d, 3 F7 CFT, ' J p k  = 16.0 Hz). - 

-86.2 (d, 3 F, CF3, 3./p, = 15.3 H7), -87.0 
N M R  (CDCI,): 6 = -74.6 

(dqq, 'JpH = 206.3, 3JpF = 15.3. 3JpF = 16.0 Hz). - CloH11F~03P 
(324.16): calcd. C 37.05. H 3.42. F 35.16, P 9.56; round C 37.14. 
H 3.48, F 35.20, P 9.64. - The data collection for the X-ray struc- 
tural study of compound 7LZ3J (single crystal 0.6 X 0.3 X 0.5 
mm, triclinic Pi with a = 809.1(2). h = 881.2(2), (' = 984.7(2) pm, 
a = 85.62(2), j3 = 84.66(2), y = 6X.59(2) ", Z = 2, D(ca1cd.) = 

1.656 Mg/ni3, cell volumc 0.6501(3) nm3, absorption coefficient 
0.789 1nrn-I. difference clectron density 305 and -230 e nm ') was 
carried out in a &thetas: range 2.71-27.56 ', reflcctions collccted 
6220, independent retleclions 3017 (R,,,, = 0.0185). goodness of fit 
on P 1.035: final R values [I > 2cs(T)]. R1 = 0.0362, wR2 = 0.0892; 
K value (all reflections) R1 = 0.0484. wR2 = 0.0965. 
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