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Abalract : l-Mu&y1 substitu~d phospktaae oxides 4 aad 6 ate pqmml either by sM& ti (meathyl)pQ, md 
no rppropriate oktIn, or by reacting (~“enlbyl)MIQ with a l-chloropborpbetllae. Highly mleciive alkyhliou md 
halopenation xcactbm of the comqmdm.# anion$4’ afford a-substituted detivaiver io dhtueotuuially pmc form. 
Reductiona of rhe phoephctane oxidw wilb HSiU,.E4,N w w&h rerentian of coa6~~ about tbn pbfmpkm 
atom.nKdesaibedlaocedurrprwidemrcagtorwiderurgcofopticrllypucphosphiwrof~~. 

Introduction 

The successful development of the asymmetric version of many transition metal catalyzed rea&ns 

is dependent upon the design and synthesis of new chiral ligands and, inter alia, of new chiral phosphines. 

Hundreds of chiml phosphines have been described in the literature’. most of them being P-arylsubstituted 

species with a chiral backbone and achiral phosphorus. Several detailed studies in this field have defined 

a class of ligands which are well adapted to ensntioselective catalysis : these are generally fairly rigid, 

bidemate, C!, symmetric phosphines besring two aryl substituents on phosphorus. Important representatives 

of this family are Kagan’s DIOP, Noyori’s BINAP and their analogues. 

Comparatively, very little is known concerning the catalytic activity of basic phosphines such as 

trialkylphosphines, on their structural requiremen& for good asymmetric induction and on the relationship 

between chirality at phosphorus and enantioselectivity. In order to contribute to a better understanding of 

this field, we are, initially, attempting to develop simple and flexible preparations of new families of 

optically active monophosphines, which are chiral on both phosphorus and carbon atoms. 

Cyclic phosphines seem to offer some sign&ant advantages over their acyclic analogues, in that the 

restricted number of possible conformations allows a better definition of the relative position of the various 

substituents and, thus, a better understarting of the chiral environment at phosphorus. Moreover, the 

restricted rotational freedom of the ligand is expected to improve enantioselectivity. The synthesis and use 

of enantiomerically pure five membered rings - phospholanes - have been successfully developed by M.J. 

Burk’ and J.C. Fiaud’ ; who have both specifically targetted species with C!, symmeny and achiral 

phosphorus. On the other hand, optically active four-membered rings - phosphetanes - have been largely 

neglected in the recent literature : only phosphetane oxide 1’. obtained from (+) camphene. in unknown 
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optical yield, and compound 2’ have been briefly mentioned. 

&go1 Q 
1 [t&=-9.4” 2 [c&=+37.10 

We now describe a general protocol for the synthesis of diast anwmelically pun phosphctancs, by using 

an enanriomerically pure menthyl group, bound to the phosphorus atom, to generate an easily separable 

diastereomeric pair. While P-menthylphosphetanes am unknown, P-menthyldialkylphosphinea have been 

reported as efficient ligands in nickel catalyzed codimerixations of ethylene on cycloocta-lJ-diene or 

norbomene’. 

Results and Discussion 

The preparations leading to the phosphetane system am few in number.’ The most general approach 

is still to date the McBride synthesis : the reaction between a branched olefin and the ~.AlCl, complex, 

shown in scheme 1. 

Me Me 

Me 
Me 

Scheme 1 

The same approach can be applied to the synthesis of menthyl-substituted phosphetane oxides by using (L- 

menthyl)PCl, and an appropriate olefm as starting materials. 

When 2.3,3-trimethyl-1-butene was reacted with the MenPCl,.AlCl, complex (scheme 2), the two 

isomeric phosphetanium salts 3a,b were formed (8 “P 125 and 118 ppm) in equal amount. Hydrolysis 

afforded the phosphetane oxides 4a,b in a 1:l ratio, according to “P NMR spectroscopy of the reaction 

mixture. 
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+ MenPQ-AQ - 

3a,b (1) 

Hzo w Men*‘+ + Men@‘+ Men = L-menthyl 

4a P(R) 4b P(S) 

Scheme 2 

Column chromatography on neutral alumina yields a mixture of the phosphetane oxides 4a + 4b in 48% 

total yield. Fractional crystallization from pentane ailows separation of the two dbtereoisomers : oxide 4a 

(“P NMR (CP,) 6 = 62.7 ppm) is recovered first ; the oxide 4b is obtained in the pure state aiter two 

recryatallizations of the mother liquor (“P NMR (C,D,) 6 = 57.7 ppm). 

The phosphorus configuration was established by an X-ray study of the phosphetane oxide 4a : as shown 

in figure 1. the oxide 4a has an (R) configuration at phosphorus. 

Figure 1. ORTEP drawing of the phosphetane oxide 4a 
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Selected bond distances and angles are lj,~ed m table 1. All sauctural data are comparable to those found 

in other phosphetane ring systems.@ As expected the phosphetane oxide 4a exhibits puckering of the four 

membered ring (dihedral angle between the planes C(2)-P-C(4) and C(2)-C(3)-C(4) is 17.6’) and has the 

bulky menthyl substituent in a p~udaquatorial position (where it lowers cross-ring interactions between 

substituents on C(3) and P). 

Table 1 : Selected Bond Distances (A> and Angles @leg) for Compotmd 4a. 

P-C(2) 1.806(S) C(2)-P-C(4) 79.9(Z) 

P-C(4) 1.852(6) P-C(2>C(3) 89.7(3) 

c(2)-c(3) 1.570(S) C(2)-C(3)-C(4) %.3(4) 

C(3K(4) 1.584(S) C(3)-C(4)-P 87.7(3) 

P-C(9) 1.818(s) C(9)-P-C(4) 117.6(2) 

P-O 1.490(4) C(9)-P-C(2) 112.6(3) 

An attempt was made to apply reaction (1) to the synthesis of I-menthyl-2,2,3-trhnethylphosphanme 

oxides by reacting MenPQ with 3,3dimethyl-l-butene. Unfommate ly the four possible diastemoisomers 

of 5 are formed (“P NMB 8 = 68.4, 62.6, 62.2 and 57.0 ppm) in equimolar ratios, thus precluding the 

isolation of pure compounds in reasonable yields. 

Me 

Me 

Me A 

MZrl’pgo 

5 

Me 

Me Me 

Me & 

MuINp*C 

Me 

6 

To expand the scope of our approach we also tried the synthesis of the l-mnthyl-2,23,4,~pentsmethyl 

phosphetane oxide 6, with achiral phosphorus, by the same method. Only a small amount of the desired 

product was formed : as mentioned by S.E. Cremr in the case of tBuPCl,‘, hindered 

dichlorophosphine.AlCl, adducts do not react cleanly with hindered olefins such as 2.4.4~trimethyl-2- 

pentene.However, compound 6 is accessible through the two step synthesis shown in scheme 3. 
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Me Me 

But+z cQ ) Me MC Me 
PC13 + Alcl3 + (2) 

2 2 MC 
Me 7 Me 

cl 
7 85% 

Me MC Me 

Me 

& 

Me WC Me 
Me 

+ MenlUgCl - 
MC 6b b 

Me airoxidatiotl Me 

Me p Me - Me 6 
Me (3) 

P 
MetCP”O 

MC 

& Men 
80 6 32% 

Scheme 3 

The l-chlorophosphetane 1’” is formed as a mixture of two isomers in a 2~1 ratio (“P NMR 6 = 170.8 and 

150.4 ppm), the major being the trans isomer. Aher distillation, the chloropho@Wane 7 was reacted with 

MenMgCl to give the phosphetane g (31P NMR 6 = 48.8 (major) snd 49.3 ppm), together with some side- 

praducts. Air oxidation was employed in order to facilitate the isolation of the major isomerinapurefonn 

by column chromatography and crystallixation. The isolated oxide 6a is the cis derivative according to a 

comparison of its ‘H NMR data with those of analogous P-tert-butyl substituted ring systems of known 

stereochemistry’, as would be expected from its synthesis (Grignard nucleophilic substitution on the 

chlorophosphane). 

The two synthetic approaches de6ned in scheme 2 and 3 can probably be transposed to the 

preparation of other P-menthylphosphetane oxides by using ditferent olefins as starting materials. 

Nevertheless we preferred to examine the synthesis of new phosphetane oxides through transfotmations of 

the oxides 4a and 4b, as stereospecific c&nctionalixation of these ring systems could give rise to an entire 

family of chiral phosphetanes in both the P(R) and P(S) series. To the best of our knowledge, no such 

functionalixation of the carbon atoms of a preformed phosphetane ring has ever been reported. 

The preliminary work reported here concerns highly selective alkylation and halogenation reactions of the 

chiral phosphorus stabilized anions 4’. 

. (+) 
Lr 4’a P(R) 

4’b P(S) 
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The phosphetane oxides 4a and 4b were reacted separately with nBuLi at -78°C in THP and alkylated with 

benxylbromide at low temperature (scheme 4). 

Men’ 
1. ILBuLi 

* 
2. PlCH2Br 

4a RR) CQ m)c(s) 
d.e. = 88% ,78% yield 

1. n.BlJLi 
Mm’ 

2. PhCH2Br 

(4) 

(5) 

4b P(S) 9b WWW 
d.e. > 99% ,75% yield 

Scheme 4 

Reaction conditions were not optimized ; some statting material was still present together with a few ring 

opening side producta. The diaste reomeric excess was established by “P NMR specao~opy of the reacrion 

mixture and the minor isomer was not fully characterixed. The deprotonation-alkylation reacrion is not 

accompanied by a detectable epimerixarion at phosphorus, as aheady mentioned in the case of acyclic 

phosphine oxide anions.” Unlike the acyclic anions the stereoselectivity of these alkylations is very high, 

probably due to sterical contmints in the hindered four membered ring. ‘Ihe steric bulk of the groups 

directly attached to phosphorus has also proved to be the key structural element for highly stereoselective 

ahrylations in five membered phosphorus heterocycles.L’ Par some recent work on the stereoselective 

alkylations of chiral, phosphorus-stabilized carbanions see also ref 13. 

NMlX data of 9a,b do not permit a definitive stereochemicsl assignment, but it seems reasonable to assume 

a trans diquatorial relationship between the menthyl and benxyl groups, that is a P(S)C(S) and P(R)C(R) 

configuration for 9a and 9b respectively. The NMR data of the corresponding P(JJJ) derivatives (see below) 

confhm such an assignement : the small ‘J, coupling (7.2 Hz) must be associated with an hydrogen muts 

to the phosphorus doublet; additionally, the large ‘Jcr coupling for the CH,Ph carbon (18.2 and 17.7 Hertz) 

corresponds to a cis relationship between the benxyl group and the phosphorus doublet.” 

a-Halogenation of the phosphetane oxides 4a and 4b has been perfomred through a lithium/bromine 

exchange reaction, using dibromoethane as halogen source (scheme 5). 
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1 i.P@H/2n.BuLi 

2. BrCH2CH@ 

4a P(R) loa w9c(s) 

de. > 95% ,68% yield 

l.i.Pr$Gi/2n.Bti 

2. BrCE12CH2Br (7) 

(6) 

4b P(S) 

Scheme 5 

10Q Rwx) 

de. = 83% ,52% yield 

An excess LDA is required to reduce the quantity of starting material in the final mixture. as it may 

otherwise be formed by reprotonation of the anion 4’ by the more acidic final product. optimization of the 

reaction conditions, via the choice of mom efficient bases is in progress. Reaction (6) appears to be totally 

stenospecific according to the *P NMR analysis of the reaction mixture, while two isomers (trans aud cis 

isomers in a 928 ratio) am formed from 4b. The bromo derivatives 1Oa and 10b are amumcd to be the 

trans diequarorial stereoisomers with P(S) C(S) and P(R) C(R) configurations for 1Oa and 10b respectively, 

as implied by the ‘H NMR data of the corresponding P(m) derivatives (see below). The 2-bromo-l- 

menthyl-3,3,4,4-tetramethylphosphetane oxide 1Oa is almost insoluble in pentane and is easily ~urifki by 

pentane washing of the crude product obtained after extraction of the reaction mixture with 

dichloromethane. The oxide 10b was purified by crystallixation. More detailed studies are required in order 

to confum and to explain the poorer stereoselectivity of reaction (7), with respect to reaction (6) ; the 

chiral menthyl group bound to phosphorus could be responsible for the different behavior of 4a with 

respect to 4b. 

Both scheme 4 and 5 are intended to show a new general methodology for the highly stereoselective 

functionshxation of the ring carbon of phosphetatte oxides by electrophilic reagents. The bromo derivatives 

iOa and lob could be used further, as starting materials for the introduction of nucleophiles into the same 

cyclic systems. Moreover, the described approach to diastereomerically and optically pure phosphetane 

oxides will provide an access to a wide range of optically pure phosphines of known stereochemistry, as 

reduction of phosphetane oxides by the HSiCl,.amine complex is expected to proceed with retention of 

configuration about the phosphorus atom.” 

Phosphetane oxides 4a, 4b, 6a. 9a and 9b have been reduced to the corresponding phosphetanes by using 

2 equivalents of the HStCl,.Et,N complex in benzene at room temperature (scheme 6). 
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Me 
2 FIBi’&, Bt3N 

R’- 

Me R 
belmoe, 2s-2 

Men’ “0 

6 “‘P ccg&I 

RIR’=H, R”=Me 4a 62.7 
4b 57.7 

R=CH$~I, K-H, R”-Me % 68.8 
9b 64.5 

R=R’=Me, R”=H 6a 67.9 

Scheme 6 

R”Me 
Me 

A 
R 

(8) 
Me 

P R 
I 

MM 

6 % Ccgd 

lla 17.6 
llb 8.7 
lh 32.1 
12b 26.9 

8a 48.6 

All reductions are quantitative and totally .?acmpcific, according to ,‘P NMR analysis of the crude 

reaction mixtures. The final products were filtered through a short silicagel cohmm with hexane or hexane- 

ether (96~4) as eluent, before NMR characterization. Yiids ranging form 46% to 80% ate obtahd after 

chromatography : these will almost certainly be higher when working on a bigger scale, given the lesser 

influence of accidental expostm to air during larger scale purification. 

The same reducing agent, the HSicI, NE& complex, did not give reproducible results when tq@ied 

to the reduction of the u-btomophoap haaneoxideslOIlandlOb;adoaimcntrrlunnuenaofadvcMitious 

excess triethylamine seems to be rqonsible. On the other hand, HSiCl, reduces the oxide 109 clesnly to 

phosphetane 13a, with the expec@d retention of the phosphorus configur&on (scheme 7). The HSiCl, 

reduction of an a-bromophosphetane oxide has already been reported.‘” 

Br Br 

AM 

i J’P CC& 6 3’P C&,) 

ma 64.3 13a 45.1 
lob 61.7 13b 41.4 + 13a (85:15) 

Scheme 7 

(9) 

Under the same reaction conditions. the reduction of 10b gives a mixture of two isomeric phosphetmes 

13b and 13a in a 85:15 ratio. 13b was characterized only by ‘H NMR in a mixture with 13a. The different 

behavior of 1Oa and lob towards HSiCl, will to be examined more carefully and other reducing agents or 

conditions will be tested in order to improve stereoselectivity. 
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Concerning the characterization of the above phosphetanas and ph- oxides, the prccrsnce of 

the menthyl group bound to phosphorus makes the complete a&gluWltofthcNMRsignalssomawhat 

diflicult. Nevuthaless, most of them have been tentatively assignad by the usual NMR technique8 (‘II, “P 

decoupling and ‘%DEPT spectra) and by compbson with literature data. ‘The moat significant ‘H and ‘%IZ 

NMR data are reported in tables 2 and 3. 

Table 2 : Selected ‘H NMR Data for Phasphetane Oxides and P(II1) Phosphetanes’ 

Compound CH,-7 CH,-5 CH,-6 CH,-8 

4a 
4b 
9a 
9b 
1Oa 
10b 

0.73 
0.75 
0.72 

8:7”: 
0.70 

lla 0.82 
lib 0.82 
12a 0.72 
12b 0.53 
138 0.76 
13b 0.77 

0.84 [ 18.41 1.15 [16.6] 
0.93 [ 16.91 1.18 [16.1] 
0.88 [ 17.51 1.10 [16.1] 
0.98 [16.6] 1.16 [15.7] 
0.74 [ 17.91 1.04 [16.2] 
0.81 [17.0] 1.07 [15.4] 

1.15 [4.6] 1.13 [15.5] 
1.22 [4.3] 1.13 [15.5] 
1.13 [3.5] 1.08 [15.1] 
1.20 [4.2] 1.07 [15.2] 
0.92 [4.4] 1.04 [15.1] 
1.01 [4.0] 1.05 115.11 

1.29 
1.34 
1.33 
1.37 
1.44 
1.46 

1.32 
1.31 
1.26 
1.30 
1.39 
1.40 

Table 3 : Selected “C NMR Data for Phosphetane Oxides and P(II1) Phosphetanes’ 

Compound c-2 c-3 

4a 41.7 [51.1] 
4b 46.1 [47.4] 
9a 52.7 [51.7] 
9b 53.4 [48.7] 
1Oa 51.3 [45.6] 
lob 55.2 [40.5] 
6a 44.0 [55.1] 

.---w--mm--mm-~. 
36.4 [ 12.31 
38.5 [ 14.01 
41.8 [11.6] 
42.8 [15] 
44.5 [6.7] 
45.8 [7.7] 
47.4 [12.9] 

C-4 XWW 
.----l--_-____-_________l_l_l__l_______ 

49.7 155.11 40.3 [43.5] 
49.2 [58.0] 42.0 [45.5] 
48.5 [53.6] 40.0 [40.8] 

48.1 [56.2] 45.3 [39.5] 
48.3 [52.6] 41.8 [45.6] 
47.2 [56.3] 43.7 [45.5] 
46.7 155.01 40.7 [34.2] 

lla 37.0 [9] 39.8 (d)b 39.4 (d)’ 37.2 [29-l] 
llb 39.9 [16.9] 41.3 (d) 38.9 (d) 39.4 [31.1] 
12a 42.5 43.0 [5.3] 36.6 [2.5] 36.0 [31.4] 
12b 43.6 [2.9] 44.1 [5.7] 36.7 [4.6] 40.4 [33.4] 
13a 53.4 [9.2] 46.2 [9.6] 39.6 [2.9] 38.1 [30.9] 
8a 33.8 [2.7] 49.5 [7.2] 35.4 [4.9] 37.6 [34.2] 

-----------------_------------------------------------------------------------------------------------------------- 
’ speara measured in Cp, ; 6 [JIG] : chcrmcal shifm in pptn. Jrc coupling cons~ in Hz 
’ d = umcaolved doublet 
Additioml NMR dam are given ln the mpcrimentel section 
In PO.II) phosphctanes WC4 chemical shifts may be xevenxzd 
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‘H and “C NMR spectra have been intqretcd on the basis of the known rela!ionships between geometric 

features and NMR shield&9 or couplings.” 

In phosphetane oxides, the methyl groups attached to a-carbons are strongly coupled to “P, but the 

orientation of oxygen has a small influence on ‘Jm. The methyl assignment is more reliably accomplished 

on the basis of shielding differences, the methyls cis to oxygen being the more deshielded. 

In the P(III) phosphetane serie, the ‘&,, coupling constant is controlled by the orientation of the lone pair: 

greater coupling occurs when the lone pair is cis to the methyl substituent. The same stemospecifk effect 

of the orientation of the lone pair orbital on phosphorus is observed on both ‘J, and ‘Jlc coupling constants 

(see experimental section). 

In summary, we have shown that P-menthyl phosphetanes are a new class of chiral phosphines, 

which is easily accessible in an enantiomerically pure form. Highly selective reactions of the phosphorus 

stabilized phosphetane anion offer a simple way of modifying the phosphorus envimnment. This will enable 

us to examine the properties of phosphetanes, as chiral ligands. as a function of electnmic or stereo&en&al 

changes in the phosphorus environment. 

Experimental Section 

All manipulations were performed under an argon atmosphere in dry solvents. NMR spectra were 
recorded on a Bruker AC 200 SY qecmmeter operating at 200.13 MHz for ‘H, 50.32 MHz for “C and 
81.01 MHz for “P. Mass spectra were obtained at 70 eV with a Shimadzu C3GMS QP 1000 instrument 
by the direct inlet method. The “P chemical shifts are reported relative to external 85% H,PO,. 

l-Menthyl-2,2$,3-tetramethylphosphetane oxide 4a.b 
To 3.5g (26.3 mmol) of aluminium chloride in 50 mL of methylene chloride was added at 0°C a solution 
of 6.Og (25 mmol) of Lmenthyl dichlorophosphine” in CH,Cl,. After about 20 min the solution became 
homogeneous ; a solution of 2,3,3-trimethyl-1-butene (3.5 mL. 25 mmol) in CH$l, was then added at O’C. 
The reaction mixtum was warmed, stirred at room temperature for 2.5h and then hydrolyxed at O°C with 
about 10 mL of distilled water. The organic layer was separated, washed with dilute sodium bicarbonate 
and with water and finally dried over MgSO,. The final product was purifkl by column chromatography 
on neutral alumina with ether as eluent. A 1:l mixture of phosphetane oxides 4a,b was obtained (3Ag, 
48%). The solid was recrystallized from pentane to give pure 4a (1.28). 4b (0.9g) was obtained from the 
mother liquor after two recrystallixation fmm pentane. The remaining 4a and 4b can be obtained later by 
further crystallization. 
4a : colorless solid ; m.p. 152“C ; ‘H NMR (CJ&) 6 0.75 (d, ‘J,,,, = 6.8, Me). 0.86 (d. ‘J, = 6.2, Me), 
1.07 (d, ‘JW = 6.7, Me), 1.0-2.0 (m) ; “C NMR (C&) 6 17.3 (Me), 18.2 (Me), 21.4 (Me), 22.1 (Me), 22.7 
(Me), 24.5 (d, JQ = 10.6, CH,), 25.5 (d, JQ = 18.4, Me), 26.9 (d, Jcr = 4.0, Me), 30.8 (CH), 33.4 (d, J, 
= 12.8, CH), 34.1 (CHI), 34.4 (CH,), 41.2 (CH); MS m/e 284 (M, 94%). 269 (M-Me, 55%). 146 (M- 
C,,&, 100%); Anal. Calc. for C,,l-&,OP: C, 71.79 ; H, 11.69. Found : C, 71.64 ; H, 11.82. 
4b : colorless solid ; m.p. 117°C ; ‘H NMR (CD,) 6 0.70 (d, 7, = 6.8, Me), 0.83 (d, ‘J,,,, = 6.4, Me), 
0.93 (d, ‘J, = 6.7, Me), 1.6 (m, 5H), 2.0 (m. 5H) ; ‘% NMR (C$,) 8 16.1 (Me), 18.7 (Me), 20.9 (Me), 
21.7 (Me). 22.7 (Me), 24.7 (d, Jc. = 10.0, CH,), 25.1 (d, Jc. = 19.3, Me), 26.9 (Me), 28.7 (CH), 33.0 (d, 
J, = 12.1. CH), 34.8 (CH,), 35.0 (CHJ, 42.7 (CH). 

1-Chloro-2J ,3,4,4-pentamethylphosphetane 7 
To a slurry of 7.3g (54.8 mmol) of commercial anhydrous aluminium chloride was added 5.0 mL (50 
mmol) of PC&. The mixture was cooled to O°C and 7.8 mL (50 mmol) of 2,4&himethyl 2-pentene were 
added. After stirring for 2h. a solution of triphenylphosphine (13.lg, 50 mmol) in C&Cl, was added at 0°C. 
The mixture was stirred at room temperature for 0.5h and then diluted with pentane. A yellow oil (mostly 
Ph,PCl+AlC~) separated ; the supematant liquid was removed and stripped of solvent. The residual oil 
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was distilled in a kugelrohr appamtus at 120°C (20 mm Hg). 7.6g of 7 (85% yield) were obtained as a 
mixtureoftwoisomers: NMR “P 8 = 170.8 aud 150.5 ppm. The ‘H NMR spectrum agreed with that 
already reported (see ref.9). 

l-Menthyl-2,2,3,4&pentamethylphosphetane oxide 6 
MenMgCl was prepared from 0.58g (24 mmol) of magnesium (50 mesh) aud 3.88 (22 mmol) of (-) 
menthyl chloride in ‘II-F. The Grignard solution was then added to a stirred solution of 7 (2.Og, 11 mmol) 
in THF at room temperature. Excess MenMgCl is required and the reaction is completed after about 6h 
at room temperature. The reaction mixture was hydrolized at O’C with distilled water, and extracted with 
ether under argon. Two isomeric menthyl phosphetanes 6 are formed (NMR “P 8 = 49.4 and 48.8 (major 
isomer) ppm), together with some side-products. The ether solution was allowed to oxidixe by exposure 
to air and then chromatographed on neutral abrmina column. Elution with an hexane-ether gradient (from 
9O:lO to 30:70) afforded l.Og (32%) of pure 6a (cis isomer). 
6a : colorless solid ; m.p. 160°C (pentane) ; ‘H NMR (C&) 8 0.59 (dd, ‘JJ, = 7.2, ‘J, = 1.0, PCC_HMe), 
0.73 (d, ‘J, = 6.8, Me), 0.83 (d, ‘Jas = 6.4, Me), 0.95 (d, ‘JHI = 17.5, PC&), 0.99 (d, ‘JHI = 16.0, PCA&), 
1.01 (d, ‘JHH = 6.0, Me), 1.25 (d, ‘J, = 15.6, PCMM), 1.27 (d, ‘Jnr = 15.0, PC&), 2.20 (qd, ‘J’,‘, = 7.2, 
‘JHI = 2.3, CIJMe) ; ‘% NMR (CJD,) 6 7.2 (d, JQ = 18.4, OH&&&&, 17.6 (Me), 18.9 (Me), 19.2 (Me) 22.1 
(Me), 23 (unresolved, 2 Me), 23.7 (d, Jcr = 3.5, Me), 24.8 (d, J- = 9.9, CHJ, 30.2 (d, Jcr = 2.6, CH). 
33.14 (d, JB = 11.8, CH), 34.7 (2 C&), 41.8 (CH) ; MS m/e 298 (M, 79%). 160 (M-&H,,, 100%) ; Anal. 
Calcd. for C’,H,,OP : C, 72.44 ; H, 11.82. Found : C, 72.47 ; H, 12.06. 

Alkylation procedure (scheme 4) 
nBuLi (0.96 mL, 1.6M solution in hexane, 1.5 mmol) was added to a THF solution of phosphetane oxide 
4a (or 4b) (0.4Og, 1.4 mmol) at -78°C. After a few minutes 0.18 mL (1.5 mmol) of benxylbromide were 
added. After 15 min at -78°C the reaction mixture was warmed to room temperature and checked by “P 
NMR. By starting from the phosphetane oxide 4a we observed two “P NMR signals, at 8 74.1 and 71.2 
ppm (THF) in a 946 ratio. Phosphetane oxide 4b gave more than 98% of the benxylsubstituted phosphetane 
with 8 “P = 67.5 ppm (THF). Some starting material is still present in both cases. 
After hydrolysis and extraction with ether, the final product was purified by chromatography on alumine 
with hexane-ether (6040) as eluent. 

4-Benxyl-l-menthyl-2,2,3,3-tetramethylphasphetane oxide 9a 
Yield 0.41g (78%) ; colorless solid ; m.p. 146’C @entane) ; ‘H NMR (C,D,) 8 0.61 (d. ‘J, = 6.1. Me), 
0.74 (d, ‘J, = 6.6, Me), 1.05 (d, ‘Jaa = 6.7, Me), 1.5 (m, 3H), 1.9 (m, 3H), 2.25 (dt. ‘J, = 9.5, ‘J, = 
5.8, 3, = 5.8, P@ZH,Ph), 2.73 @B, JAB = 13.7, ‘JHH = 5.8, ‘JW = 24.7, lH, wh), 3.12 (A-, Jm = 
13.7, ‘Jas = 9.5, ‘J, = 11.2, lH, CH,Ph), 7.0-7.2 (m, Ph) ; ‘% NMR (C,D,) 8 16.9 (J= = 3.1, Me), 17.2 
(Me), 21.8 (Me), 22.1 (Me), 22.2 (Me), 22.6 (Me), 24.3 (J, = 22.9, Me), 24.5 (JB = 10.1, C!&), 29.8 (‘J, 
= 4.7, cH,ph). 30.6 (Jcp = 2.8, CH), 33.1 (Jm = 12.5, CH). 34.4 (CH,), 34.6 (CH’), 41.2 (CH), 141.7 (‘J- 
= 5.4, C(Ph)) ; MS m/e 375 (M+l, lOO%), 359 (M-Me, 33%), 283 (M-PhC&, 56%). 159 (67%), 91 
(PhCH,, 82%) ; Anal. Calcd. for t&H,,OP : C, 76.96 ; H, 10.50. Found : C, 76.93 ; H, 10.61. 

4-Benxyl-l-menthyl-2,2,3,3-tetramethylphosphetane oxide 9b 
Yield 0.4Og (75%) ; colorless solid : m.p. 159°C (pentsne) ; ‘H NMR (C&D,) 8 0.77 (d. ‘J, = 6.6, Me), 
0.80 (d, ‘J, = 7.7, Me), 0.86 (d, ‘JJHH = 6.8, Me), 1.53 (m, 2H), 1.7 (m, 2H), 2.07 (m, lH, CHMe), 2.59 
(pseudo q, 3J, = ‘J, = 7.2, PCuCHQh), 2.86 (m, @, JAB = 14.0, ‘JHH = 7.2, ‘J, = 17.4, lH, wh), 
3.16 (m, AB, JAB = 14.0, ‘Jaa = 7.2, ‘J, = 10.9, lH, wh), 7.0-7.3 (m, Ph) ; ‘% NMR (C,D,) 8 15.9 
(Me), 18.1 (Jcp = 3.6, Me), 21.0 (Me), 21.6 (Me), 22.1 (Me), 22.7 (Me), 24.8 (J, = 22.1, Me), 25.0 (J, 
= 10.5, CH,), 30.3 (J, = 4.1, CH), 33.4 (Jcp = 12.3. CH), 34.8 (CH’), 36.2 (CT&), 43.0 (Jm = 2.7, CH), 
141.5 (‘J, = 9.2, C(Ph)) ; MS m/e 374 (M, 30%), 331 (M-C,H,, 23%), 290 (M-C,H,,, 100%). 

Bromination procedure (scheme 5) 
nBuLi (1.38 IT& 2.2 mmol) was added at -78°C to a solution containing 0.3Og (1.1 mmol) of phosphetaue 
oxide 4a (or 4b) and 0.15 mL (1.1 mmol) of diisopropyhunine in THF. After a few minutes, 1,2- 
dibromoethane (0.27 mL, 3.1 mmol) was added and the reaction mixture was stirred at -78°C for lh. The 
reaction mixture was warmed to about O°C aud hydrolyxed with distilled water (some side-products ate 
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formed when the reaction mixture is warmed to room temperature before hydrolysis). After extmction with 
dichlorometbane rhe organic phase was washed with water and evaporated to dzyness to give a colorless 
solid. 

2.Bromo-l-menthyl-3,3,4,4-tetramethylphosphetane oxide 1Oa 
The crude reaction product was washed with pentane in order to remove the llmwtedsta#ingmaterial. 
The remaining solid consisted of pure 1Oa (according to “P NMR). It was recrystallized from a CH,Q- 
pentane mixture. 
Yield 0.26g (68%) ; colorless solid, m.p. 226°C (dec) ; ‘H NMTt (C!,D,) 6 0.69 (d, ‘Jm = 6.9, Me), 0.87 
(d, 3JW = 6.4, Me), 1.00 (d, ‘J,,” = 6.7, Me), 1.4-2.0 (m), 3.63 (5, CHBr) ; ‘% NMR (CJI,) 8 17.2 (Me), 
18.1 (Jcr = 3.1, Me), 21.4 (Me), 22.0 (Me), 22.5 (Me), 22.5 (J, = 21.4, Me), 24.2 (Jcr ~11.2, CH,), 24.7 
(Me), 31.3 (J, P 3.7, CH), 33.3 (JQ =12.3, CH), 33.7 (Jo - 2.7, CHJ, 34.0 (CH,), 41.0 (JEl = 2.4, CH); 
MS (“Br) m/e 362 (M, 19%). 283 (M-Br, 100%). Anal. Calcd. for C,,H3,BrOP : C, 56.20 ; H, 8.88. 
Found : C, 56.83 ; H, 9.12. 

2-Bromo-1.menthyl-3,3,4,4-tetramethylphosphetane oxide 10b 
The final product was purified by crystaWation from a pentane-ether mixture. 
Yield 0.208 (52%) ; colorless solid, m.p. 177T ; ‘H NMR (Cp,) 8 0.75 (d, ‘JIM = 7.2, Me), 0.79 (d, ‘Jwn 
= 6.6, Me), 0.97 (d, ‘Jss = 6.7, Me), 1.6 (m, 6H), 1.8 (m, lH), 2.4 (m, lH, CAMS), 4.01 (s), CHBr) ; “C 
NMR (CJ&) 6 15.9 (Me), 18.9 (Jcr = 4.3, Me), 21.1 (Me), 21.7 (Me), 22.5 (J, = 21.5, Me), 22.6 (Me), 
24.4 (J, = 11.9, CH,), 24.8 (Me), 30.2 (JQ = 2.8, CH), 33.0 (JQ = 12.8, CH), 34.6 (CH,), 35.0 (J, = 2.3, 
CH*), 42.0 (Jcr = 3.5, CH). 
A minor isomer was detected in the reaction mixture : “P NMR (CD,) 8 64.1 ppm ; ‘H NMR (C&I,) 6 
4.37 (s, am) ppm. 

Reduction procedure (scheme 6 and 7) 
The phosphetane oxide (1 .O mmol) was dissolved in dry benzene (10 mL) and triethylamine (2 mmol, 0.28 
mL) was added. The mixture was cooled to ST and treated with trichloro-silane (0.20 ti, 2 mmol). The 
solution was warmed to room temperature and monitored by “P NMR. Reaction times vary between a few 
mhmws (for 4a,b) to 2.5h (for 9a,b). The solution was then cooled to 5’C and 20% aqueous sodium 
hydroxide solution (2 mL) was added dropwise. 
The organic layer was directly chromatographed on a short silica gel column with hexane-ether %:4 as 
eluent, under argon. 
The reduction of the aknnophosphetane oxides lOa,b followed the same procedum. without addition of 
triethylamine. 

1.Menthyl-2,2$,3-tetramethylphosphetane lla 
Yield 0.18g (67%). Air sensitive, colorless solid ; ‘H NMR (CP,) 8 0.78 (d, 7, = 6.8, Me), 0.88 (d, ‘J, 
= 6.5, Me), 0.99 (d, ‘J’,” = 6.8, Me) ; “C NMR (C&J 8 17.1 (Me), 22.7-22.9 (unresolved, 3 Me). 24.3 
(*J, = 22.7, Me), 25.4 (J, = 10.0, CH& 26.2 (J, = 4.9, Me), 27.3 CJ, = 9.7, Me), 29.7 (CHJ, 30.5 (‘J, 
= 11.7, QiMe&, 33.8 (‘J, = 6.7, Q-IMe). 35.3 (CH,), 49.0 CJ, = 22.6, CHCHMeJ ; MS m/e 268 (M, 
19%). 253 (M-Me, 32%). 212 (Men FCMq, 44%). 184 (Men P CH*, 100%). 

I-Menthyl-2,2,3J-tetramethylphusphetane llb 
Yield 0.15 (46%). Air sensitive, colorless solid ; ‘H NMR (C,D,) 8 0.76 (d. ‘Jm = 6.8, Me), 0.85 (d, ‘J’,,’ 
= 6.4, Me), 0.90 (d, ‘J, = 6.9, Me), 1.54 @B, ‘J, = 10.9, ‘J, = 18.5, 1H. PCH,), 1.86 (m, PCH), 1.95 
(A& ‘J,,, = 10.9, ‘J’,, = 6.6, lH, PCH& ; ‘T NMR (Cp,) 8 16.1 (Me), 20.8 (J, = 4.6, Me), 22.2 (Me), 
23.0 (Me), 25.5 (‘J, = 25.5, Me), 25.4 (CHJ, 25.8 (Me), 27.1 (‘J, = 10.7, Me), 29.6 (‘J, = 7.1, CHMe), 
33.0 (CH,). 33.1 (‘J, = 10.4. QIMe&, 35.5 (CH&, 48.3 (‘J, = 13.2, CHCHMe. 

4.Benzyl-I-menthyl-2,2,3$-tetramethylphosphetane E2a 
Yield 0.29g (80%). Colorless solid. ‘H NMR (C,D,) 8 0.12 (m, Jwll = 13.6, Jm = 12.4, J = 12.4, J = 5.5, 
lH), 0.69 (d, ‘J, = 6.3, Me), 0.74 (d, ‘J= = 6, Me), 0.96 (d, ?I, = 6.8, Me), 1.6 (m, 3H), 1.9 (m, lH), 
2.72 (pseudo q. J = 7.3, =CHQh). 2.6-2.9 (m, W. CHQh), 7.0-7.2 (m, Ph) ; “C NMR (CJW 6 16.7 
(Me), 22.4 (‘J, = 10.5, Me), 22.6 (Me), 22.9 (Me), 23.0 (J, - 7.0, Me), 24.0 (‘J, = 23.0, Me). 25.1 (J- 
= 6.8, Me), 25.4 (JQ = 9.9, CH&, 29.9 ()J, = 14.0, me&, 33.7 (‘J, = 4.9, QlMe), 35.1 (CH,), 36.9 
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2 = 18.2. CHQh), 37.3 (J, = 4.5 Cq) 48.7 (‘J, = 22.8, CHCHMe& 142.2 (‘J, = 6.0, C(Ph)) ; MS 
$358 (M, 15%). 274 (MenPCH&gh. k3%), 212 (MenPC& 79%), 170 (MenP, 100%). 

4-Benzyl-l-menthyl-2,2,3,3-tetramethylphosphetane 12b 
Yield 0.23g (65%). Colorless solid. ‘H N’MR (C,D,) 6 0.81 (d, ‘JHn = 6.8, Me), 0.86 (d, ‘Jm = 6.4, Me), 
0.88 (d, ‘JHII = 6.8, Me), 1.97 (m, J = 2.9, 6.3, 11.4, 11.4, lH, PCH), 2.6-3.0 (m, 3H, XQjCHQh + 
PCHCH,Ph), 7.0-7.2 (m. Ph) ; ‘% NMR (C,D,) 8 15.8 (Me), 21.1 (J- = 4.6, Me), 21.9 (‘J, = 11.5. Me). 
21.9 (Me). 23.0 (Me), 25.2 (‘J, = 15.3, Me), 25.3 (CH,), 25.5 (Me), 30.8 (‘J= = 7.4, Wee), 33.4 (‘J, 
= 10.1, Q@q), 35.5 (CH,), 36.2 CJ, = 17.7, CHQh), 39.8 (Jo = 15.1, CH&. 47.6 (‘J, = 11.2, 
CHCHMe,), 142.8 (‘J- = 11.1. C(Ph)). 

2.Bromo-1-menthyl-3,3,4,4-tetramethylphosphetane 13a 
Yield 0.168 (47%). Colorless solid. ‘H NMR (C&I,) 8 0.67 (d, ‘JIM = 6.8, Me), 0.91 (d, 3J, = 6.6, 6H, 
Me), 4.04 (d, 7, = 6.4, CHBr) ; “C NMR (CJ&) 8 16.8 (Me), 22.4 (Me), 22.6 (JQ = 4.4, Me), 22.7 (Me), 
23.2 (J= = 5.6, Me), 24.8 (‘J, = 24.5, Me), 25.1 (J, = 10.3, CH.&, 25.5 (3J, = 11.3, Me), 30.8 (‘J, = 
12.2, cw), 33.7 (‘J, = 6.1, QIMe), 34.8 (CH,), 36.2 (Jcr = 6.0. CH,), 48.3 (‘J, = 22.6, QICHMe,); 
MS m/e (?r) 346 (M, 6%), 331 (M-Me, 6%), 303 (M-CHMe,, 21%), 290 (M-C&, 22%), 267 (I4Br. 
87%). 262 (MenPCHBr, 17%), 212 (MenPCMq, 100%). 

2.Bromo-1.menthyl-3,3,4,4-tetramethylphosphetane 13b 
Phosphetane Qb was characterized by ‘H NMR spectroscopy, in a 85:15 mixtum with 13a13b : ‘H NMR 
(C,D,) 6 0.80 (d.)JW = 6.1, Me), 0.84 (d, ‘J, = 6.6, Me). 0.97 (d, ‘Jm = 6.8, Me), 1.9 (m, lH, PCH), 2.15 
(m. IH), 4.36 (d, ‘J, = 6.4 Hz, CHBr). 

1.Menthyl-2,2$,4&tetramethylphosphetane 8a 
Yield 0.25g (90%) ; colorless solid. ‘H NMR (C@,) 8 0.73 (dd, ‘J’,,, = 7.2. ‘JH = 0.5, CH Me), 0.77 (d. 
‘J, = 7.0. Me), 0.86 (d, ‘J, = 6.4, Me), 0.96 (d, ‘J, = 6.8, Me), 1.17 (d, ‘J= = 4.7, Me), 1.20 (d. 7, 
= 4.8, Me), 1.23 (d, ‘J, = 17.1, Me), 1.25 (d, ‘JW = 16.6, Me), 1.92 (m, J = 3.3, 7.2, 11.2, 3, = 11.2. 
lH, PCH), 2.15 (qd, ‘JIM = 7.2, 3J, = 3.7, C_HMe) ; ‘% NMR (CD,) 8 8.1 (‘J, = 12.6, PC!CH&&), 17.8 
(Me), 19.8 (7, = 5.3, PCMe), 21.0 (‘J, = 5.6, PCMe), 22.7 (Me), 23.1 (Me), 25.5 (J, 3: 9.1, CH&, 30.44 

11f 
= 7.0. QIMe). 31.8 (‘J, = 25.8, PCMe), 33.3 (‘J, = 25.2, PCMe), 33.2 (‘J, = 9.2, -Q&k& 33.8 

Q = 2.7, PcMq), 35.4 (‘J, unresolved, PQt44). 35.4 (Cw. 37.6 (‘J, = 34.2, PCH), 38.1 (Jcr = 13.1, 
CH,), 48.8 (‘J, = 17.8, CHCHM%), 49.5 (‘J, = 7.2, PCQ-IMe) ; MS m/e 282 (M, 5%), 267 (M-Me, 7%), 
212 (MenPCMe,, 100%). 
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