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Received corresponding cyclohexyl-substituted phosphine eidrhis transformation makes usetiod
Received in revised form inexpensive sodium as the electron donor and ahal@as the proton source, and provide
Accepted attractive alternative to reactions mediated byeespve transition metals. Under optimi
Available online conditions numerous mono- and diaryl substitutedsphine oxides were transformed into
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Dearomatization

Cyclohexylphosphine oxides

1. Introduction of the aryl fragment in arylphosphorus compounds is
relatively underexplored. The first attempted hygnoation
) - : . of arylphosphinic and arylphosphonic acids was qreréd
very popular in organic chemistry and can be foumni?any by Freedman and coworkers who used Ri@Alas a
useful substances such as natural products, phadmeals — caia)yst (Scheme f)Other catalysts used in hydrogenation
or fuel” One of the possible substrates of these compoundgs aryl substituents in organophosphorus compousdeh
could be the corresponding aromatic compounds Whicgs RU/C, Raney-Ni or Nb(p-TolGH(2,6-Ph-CsHsO)s,

upon treatment with a hydrogen source should umdergynneared to exhibit good activity and selectivioyvards
saturation of the aromatic ring. Transformation avénes complete hydrogenation of aromatic grodps.

into the corresponding cycloalkanes could be acdeby

Molecules with incorporated cyclohexane framewaies

three different pathways: reduction with metal figels; R aaim), RNALO, 2

Birch reductiofl or catalytic heterogeneous hydrogenafion. m \OH —Fonm1nh O/ OH
The use of metal hydrides is usually associatedh whe ~F @ 82% C
formation of large amount of metal salts, while dBir 1 2
reduction of arenes lead to 1,4-cyclohexadieneschvhi Scheme 2Hydrogenation of phenyl substituentslin

should be further hydrogenated using classic cstslyrom

synthetic point of view, catalytic hydrogenatiorujs to now

the most convenient way for the transformation anas Reductive dearomatization of arylphosphorus comgsun
into cycloalkane$. However, the catalysts used in theseysing alkali metals in liquid ammonia could alsorbgarded as a
reactions are usually active only under high press@and method for transformation of aryl substituents intbeir
temperatures, although some progress has beenwtete cycloalkyl analogue¥’ Two isolated double bonds in the formed
using nanoparticle catalyStsr water as a solvefit. 1,4-cyclohexadiene unit are far more reactive toward
Chydrogenation than the parent aryl substituent. Desfhe
obvious advantages of this reaction the main drakwizathe use
of ammonia due to its irritant odor. Therefore,wbuld be
desirable to develop alternative reaction cond#tidar Birch
reduction where ammonia is replaced by a more fiyesalvent.

It seems that a good alternative here would be BaultBlanc
reduction, a reaction based on the reduction dbamafic acid

In the case of functionalized arenes, catalyti
hydrogenation might be a good choice if the comesing
cycloalkanes are the target molecules. The exanptasde
hydrogenation of phenof&?® simple alkyl-substituted
arenes? phenylalanine and phenylglycine derivatives
monosubstituted benzen®<Contrary to this, hydrogenation
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esters to the corresponding primary alcohols withadali
metal in alcohol (Scheme 2).

1. Na/SiO,
s OMe 2. MeOH _~_~_OH
f THF, 0 °C, 5 min J |
/ BU
t-Bu 94% t-Bu
3 4

Scheme 2Bouveault-Blanc reduction &

To the best of our knowledge, no examples of thaataoh of
other classes of organic compounds under theseatmoredhave
been reported.

2. Results and discussion

An obvious advantage of Bouveault-Blanc reductiorerov
Birch reduction is the use of readily available antbre
manipulation-friendly alcohols compared to ammofiagarding
this, we decided to check the reactivity of a simmeiary
phosphine oxide under Bouveault-Blanc reductiont Hrdtial
screeningt-butylmethylphenylphosphine oxidb)(was used as a
model compound (Table 1).

Table 1
The reactivity ofs under Bouveault-Blanc reduction
1% Q
O ondtons - oy e @ e O
5 8
Entry Conditions Products
6 7 8
1 EtOH, rt, 1 h 22% - -
2 n-BuOH, rt, 0.5 h 30% 11% 4%
3 i-PrOH, rt, 1 h 23% - -
4 i-PrOH, rt, 2 h 16% - -
5 i-PrOH, rt, 3 h 26% - -
6 i-PrOH, rt, 4 h 22% - -
7 i-PrOH, rt, 22 h 12% - -

[a] Yields based on NMR analysis of the reactiomtares.

Addition of sodium into a solution & in ethanol led to a
vigorous evolution of gas which ceased in ca. 5 (iiable 1,
Entry 1). The analysis of the reaction mixture edgd the
presence of phosphine oxiéeas the only reaction product but
the overall conversion was moderate. This composndhdst
probably formed byin situ reduction of phenyl substituent by
metallic sodium followed by double bond migration dan
protonation of the carbanion (Scheme 3).

2 2 ROH 2 1 OQ

P e ~_P _~_P le QP
oy ST T T T T

5 9 H 10 H 1
Of e e Q/

Scheme 3Plausible mechanism for the formation6of

Further efforts were put towards the optimization tbé
reaction conditions. Replacement of ethanol wBUOH led to
a quite striking change in the product composit{@able 1,
Entry 2). Apart from6, the presence of-butyl(cyclohex-3-
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enyl)methylphosphine oxidé has been observed which suggests
that compound undergoes saturation of conjugated double bond
in the presence of an excess of an alkali metal. Merydhe
most intriguing was the presence of trialkylphosphoxide 8
where the phenyl group underwent complete saturatioler the
reaction conditions. This reaction could be regdrde the first
example of transition metal and hydrogen-free arene
hydrogenation. Here, an alkali metal serves asléwren source
and the alcohol is the proton source.

Contrary ton-BuOH, the use ofPrOH led to a complete shift
of the selectivity towards monohydrogenation produgt
although the conversions were usually low. One ofrédssons
for the incomplete conversion 6fmight be the loss of an alkali
metal due to its reaction with an excess of an aktpresent in
the reaction. Therefore, a slight modification bk treaction
conditions was proposed. In this case, the reactias
undertaken in THF as a solvent and 6-fold excedsotf alkali
metal and-PrOH was used (Table 2).

Table 2
Optimization of reduction conditions fér

(0]
@r% T 5006 @/ e Q e

Entry Na ROH Time &

(equiv.) (equiv.) (h) 7 8
1 6.0 i-PrOH (6.0) 48 37% 57%
2 10.0 i-PrOH (6.0) 48 40% 60%
3 6.0 i-PrOH (6.0) 1 34% 66%
4 6.0 i-PrOH (6.0) 2 33% 67%
5 6.0 i-PrOH (6.0) 3 30% 70%
6 6.0 i-PrOH (6.0) 4 30% 70%
7 6.0 s-BuOH (6.0) 4 28% 72%
8 6.0 t-BuOH (6.0) 4 30% 70%
9 6.0 t-BuOH (6.0) 24 28% 72%

[a] Conversions based on NMR analysis.

Under these conditions the main product was fullyrsa¢d
phosphine oxide8 along with a remarkable amount of
cyclohexenylphosphine oxid& which suggests the crucial
influence of the amount of used alcohol on thedsligy of the
reaction.

It appeared also that the reaction selectivity sarmodified
slightly by modification of the reaction condition§he highest
conversion of5 into 8 was observed after 4 h at 5Q; the
reaction temperature was raised in order to shdherreaction
time. The use of different alcohols had some infaee on the
selectivity of the reaction; the use ®BuOH ort-BuOH led to
the formation of minor amounts of unidentified ypgucts. On
the other hand, an increase of the amount of atkatal had no
influence on the selectivity of the reaction.

To test the utility of the optimized reaction cammhs a set of
tertiary phosphine oxides was submitted to the fedli
Bouveault-Blanc reduction. First, dialkylphenylppbse oxides
were used as substrates (Table 3).
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Table 3 Next, alkyldiphenylphosphine oxides were submittedhi
Reduction of dialkylphenylphosphine oxides. reaction under modified Bouveault-Blanc reactiomaditons
o o (Table 4).

1. Na(6.0),i-PrOH (6.0)

S i o o
FIRZ THF, 50°C, 24 h Fl\Rz P(O)R'R Table 4
R 2. Pd/C (5 mol %), H, (1 atm) R P(O)R1R2

ElOnc. 25 °C 24 Reduction of alkyldiphenylphosphine oxides.
13-23 125°C,

8, 13a-23a 5b, 13b-23b
0 1. Na(12.0), i-PrOH (12.0) g o R
Entry  Substrate  R' R? Products @/ P?\R THF, 50 °C, 24 h O/ %\R X injg
2. Pd/C (5 mol %), H, ( 1 atm) .
1 13 Me Me  13a(45%) 13b(26%) BtOAC, 25 °C.24 1 O R
26-29 26a-29a 26b-29b
2 14 Et Et 14a(38%) -
3 15 n-Bu n-Bu 15a(39%) 15b(22%) Entry  Substrate R Products
4 16 n-Pr n-Pr 16a(23%) 16b(11%) 1 26 Me 26a(17%) 26b (42%) (4:3:3:13%)
5 17 i-Pr i-Pr 17a(78%) - 2 27 n-Bu  27a(24%) 27b(40%; 4 isomer$)
6 18 c-Pen  c-Pen 18a(62%) - 3 28 i-Pr  28a(45%) 28b(30%; 4 isomers)
7 19 Bn Bn  19a(21%) - 4 29 c-Pen  29a(23%) 29b (33%; 4 isomer&j5%)
8 20 Bn Me  20a(23%) - [a] Yield of isolated product; [b] Yields based biMR analysis of the
reaction mixtures; [c] Yield of isolated isomers

9 21 Bn n-Bu 21a(31%) -

i- 0, - .
10 22 Bn I-Pr 22a(28%) For these substrates, the 12-fold excess of batiuispandi-
11 23 Bn tBu  23a(49%) . PrOH was used: As can be seen frqm Taple 4, phosphi@eso

26-29 can be directly transformed into dicyclohexylphasgh

12 5 Me t-Bu 8 (71%) 5b (4% oxides26a-29abut with low to moderate yield. Surprisingly, the

formation of different products as a mixture of féasomers has
been observed under the reaction conditions. NMR HRWS
analysis of these compounds allowed to ascribe steicture as

It was a pleasure to conclude that all reductior tolace  5,10-dialkyltetradecahydrophosphanthrene  5,10-disi 26b-
smoothly and afforded complete conversion of sabesrwithin 29b.

4 h. Unfortunately, small amounts of unsaturatedpingucts One isomer oR6b, which could be obtained in a crystalline

were observed even after 24 h. To simplify the petelisolation form, has been subjected to an X-ray structural analyEie
the crude reaction mixtures were submitted to hgelnation in  \qecular structure of this isomer is given in Fg.

the presence of Pd/C. For the symmetrically sulietit
substrates 13-19 the reaction afforded the corresponding
saturated products with moderate to good yieldslérapentries
1-7). Surprisingly, the reduction of phosphine @sicossessing
Me, n-Bu andn-Pr substituents at phosphorus gave substantial
amounts of 1,2-bis(phosphinoyl)cyclohexanes as dmyuts
(Table 3, entries 1, 3 and 4). When unsymmetricsiligstituted
phosphine oxides were used, the formation of triglkysphine
oxides was observed with moderate yields (Table 8jesn8-
11).

For a comparison, two cyclic phosphine oxides hagenb
submitted to the reaction with the N&rOH system (Scheme 4).
Fig. 1. X-ray structure of one of the isomers2@b-F3(CCDC No.

m)n 1. Na (6.0, i-PrOH (6.0) (\j @) 1537702)
/ THF, 50 °C, 24 h h
P
W

[a] Yield of isolated products. [b] A mixture of basomers.

) o}
P T Q - : -
O 2. PdIC (5 mol %), Hy (1 atm) o) The X-ray analysis 026b-F3 confirmed the predicted 5,10-
@ EtOAc, 25°C,24 h o’/Q dialkyltetradecahydrophosphanthrene 5,10-dioxideictire of
o 248 @1%) 240 (0%) the molecule. As it can be seen from the Figurehd,tticyclic
1. 25a (38%) 25b (43%) structure possessans arrangement of the bridgehead carbon
atoms and also both methyl groups at phosphorumssatih could
be assumed that the remaining three isomers slataddpossess
Upon treatment with the reagent mixture, phenylphokpte  trans arrangement of bridgehead carbon atoms and methyl
oxide @4) cleanly yielded the reduction produitaOn the other groups could be either iris or trans mutual correlation.
hand, the reduction of 1-phenylphosphorinane-1-®x&b) took
place smoothly affording a mixture of the expectédd
cyclohexylphosphorinane-1-oxid25a) and the corresponding
diphosphine dioxid@5b with comparable yields.

24n=0

n=
25n=1 n=

Scheme 4The reactivity of cyclic phosphine oxid24 and25.

Next, a set of reactions has been performed with
dialkylarylphosphine oxides possessing differenbssitution
pattern in aryl fragment (Table 5).

In this case, the applied reduction protocol for
(methylphenyl)-substituted phosphine oxides affdrde¢he
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corresponding methyl-substituted cyclohexylphosphaxides
with good yield as mixtures of isomers (Table 5riest3 and 4).
Substrates possessing anisyl substituents at pbaspi80 and

noted. Chemical shift3) are given in ppm relative to residual
CHCl,. The following abbreviations are used in reporthigR
data: s (singlet), d (doublet), t (triplet), q (gie8), m (multiplet),

33) underwent additional C-OMe bond cleavage leading tdr (broad). Coupling constantd) (are in Hz. Highlresolution

overall low yields of desired isomeric products gmddominant
formation ofl3aandl15a(Table 5, entries 1 and 2).

Table 5
The reactivity of dialkylarylphosphine oxid88-33

Q 1. Na(6.0), -PrOH (6.0)

2 2 2

“pl 0, 1 ~pl

R STR THF, 50°C, 24 h rC TR JrR
> 2. PdIC (5 mol %), H, ( 1 atm)

30-33 EtOAc, 25 °C,24 h 30a-33a 13a,15a

Entry  Substrate Aryl R! Yield®

1 30 mOMe-GHs  Me 30a(30%) (1:6.2)
13a(33%)

2 31 p-OMe-GH, n-Bu 31a(10%) (1:3.2)
15a(56%)

3 32 p-Me-CsH4 n-Bu 32a(74%) (1:1.7)

4 33 35-Me-CHs nBu  33a(77%) (1:1.7:2)

[a] Yield of isolated products; [b] isomers ratimsvdetermined by'P
NMR analysis of crude reaction mixture.

Finally, it was decided to submit phosphine oxideghwi
naphthyl substituent at phosphorus to the modiBediveault-
Blanc reduction (Scheme 5).

O Q 1. Na(6.0), -PrOH (6.0) 0
Rr THF, 50 °C, 4 h Rr
R 2 PAIC (5 mol %), Hy (1atm) R

EtOAc, 25 °C,24 h

34 R: Me 34a 48%
35 R: nBu 35a 42%

Scheme 5The reduction of naphthylphosphine oxiddsand35.

Here, the formation of partially saturated compou8da and
35ahas been observed. The aryl fragment bonded Wirecthe

mass spectrometry analyses were obtained using LOM®F
spectrometer. Mass spectra were recorded with GC-MS
spectrometer working in electron ionization (El) reodrhin
layer chromatography (TLC) was performed with préedailica

gel plates and visualized by potassium permangaidinO,)
stain. The reaction mixtures were purified by column
chromatography over silica gel (60-240 mesh). Mgltpoints
were determined in a capillary tube.

4.2. Synthesis of Substrates
4.2.1. Tertiary Dialkylarylphosphine Oxides

t-Butylmethylphenylphosphine oxide 5)( was prepared
according to literature procedufeThe symmetrically substituted
substratesl3-18 were prepare according to general procedure
described below.

Into a flame-dried two-necked flask equipped with retip
stirrer and argon inlet was placed Grignard or ort#riom
reagent (15 mmol) in dry and degassed THF (30 nile
mixture was cooled to 8C or -78°C and phenylphosphonic
dichloride (6 mmol) was added dropwise. The reactioxture
was allowed to warm to room temperature and stirred fo
overnight under argon atmosphere. The mixture watedato 0
°C and hydrogen peroxide (30% in®j; 2.5 equiv.) was added
slowly via syringe, allowed to warm to room temperatand
stirred for 2 h. The reaction was quenched by aatitof
saturated NECI solution (20 mL), the mixture was extracted
with DCM (3x50 mL), the organic layers were collectddged
over MgSQ, filtered, and evaporated. The residue was purified
by flash chromatography using chloroform/methanétllas
eluent.

Analytical data for dimethylphenylphosphine oxid@)(*®® di-
n-propylphenylphosphine oxide 1),  dicyclopentyl-
phenylphosphine oxide 18),"* diethylphenylphosphine oxide
(14), di-n-butylphenylphosphine oxide @5 and dii-

phosphorus group underwent reduction whereas the nomropylphenylphosphine oxidelq)"™ are in accordance with

conjugated arene ring remained unchanged underetetion
conditions.

3. Conclusions

In conclusion, an alternative method for arene rstitn in
phosphorus-substituted arenes has been presenbed.mbdified
Bouveault-Blanc reduction of arylphosphine oxides led the
formation of the corresponding cyclohexylphosphinédes as the
main products. The developed method practicallyusbes the use of
expensive transition metals as catalysts andgés as hydrogen
source.

4. Experimental section

4.1. General remarks

previously reported.

Dibenzylphenylphosphine  oxide 1Y), benzylmethyl-
phenylphosphine oxide 2(), benzyl{-butyl)phenylphosphine
oxide @3) were prepared according to the literature procetffir

Benzyl(-butyl)phenylphosphine oxide2{) and benzyi¢
propyl)phenylphosphine oxid@2%) were prepared as follows:

Into a flame-dried two-necked flask equipped with netg
stirrer and argon inlet was placed benzylphenylphimepoxide
(2.080 g, 5 mmol) in dry and degassed THF (15 nihe
mixture was cooled to 6C and sodium hydride (0.22 g, 5.5
mmol, 60% dispersion in mineral oil) was added ie @ortion.
After the evolution of hydrogen ceased, the appaterialkyl
halide @-bromobutane oii-propyl bromide) (5.5 mmol) was
added in one portion and the reaction was alloweaéaoh room

All reactions were performed under an argon atmosphertemperature and stirr for overnight under argore fgaction was

using Schlenk techniques. Only dry solvents were ,used the
glassware was heated under vacuum prior to use. r8sl¥er
chromatography and extraction were commerciallylakbs and
used as received without further purification. Teydrofurane
was dried over sodium/benzophenone ketyl. Sodiugofjrwas
commercially available and used as received.

quenched by addition of saturated JjOHsolution (10 mL), the
mixture was extracted with DCM (3 x 30 ml), the orgalaiyers
were collected, dried over MggUiltered and evaporated. The
residue was purified by flash chromatography using
chloroform:methanol 15:1 as eluent. Analytical datar
benzylf-butyl)phenylphosphine oxide2{) are in accordance
with those reported earliéf.

The NMR spectra was recorded with 500 MHz spectrometer
in CDCL as a solvent at room temperature unless otherwise
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4.2.1.1. Benzyl(i-propyl)phenyl phosphine oxide (22). stirred under hydrogen (1 atm), at room temperatore24 h.
Yield: 0.337 g (26%). White solid, mp = 121-122, R; = After this time, the reaction mixture was then fi@rthrough
0.70 (CHCYMeOH = 15:1)'H NMR 'H NMR (500 MHz, Celite, which was washed with DCM (2x20 mL) and solweas
CDCly) 8 1.06 (dd,Jyy = 6.9 Hz,Jpy = 16.4 Hz, 3H), 1.29 (dd, evaporated under reduced pressure. The product wdeg by
Jyn = 7.3 Hz,Jp.y = 15.8 Hz, 3H), 2.09-2.21 (m, 1H), 3.30-3.48 silica-gel column chromatography (CHGleOH 15/1).

(m, 2H), 7.09-7.15 (m, 2H), 7.15-7.25 (m, 3H), 7.3957(m, . ,
2H), 7.47-7.53 (m, 1H), 7.54-7.61 (M, 2/C NMR (126 MHz, 4.3.1. t-Butyl (cyclohex-2-en-1-yl)methyl phosphine oxide (7)

- _ This compound was formed during the first step afegel
CDCls) 8 15.0 (d,Jp.c = 3.6 Hz), 15.8 (dJp.c = 2.7 Hz), 26.9 (d, i :
e =3)69.0 Hz)(, 354 (o = )59_0 Hz(), P1§6.7, 128.)2 (dp_c(= procedure fromt-butylmethylphenylphosphine oxides)( The

v _ two diastereoisomers in a 1:1 ratio were isolated aas
(ldo 3 HZ_)’81 §8ﬁz§d3{’écl_5§i; |:|7\3|R1(2290523 (l\(fl:-zc _CSbingg)'Aé?)?léz inseparable mixture wit8, yield: 16%. Rf = 0.26 (CHGMeOH
1 VYp-C — O 1 . 1 . . — . 31
GC & = 13.78 min; GCMS (El, 70 eV), m/z 258 (M) (24), 257 - 15:1)"P NMR (202 MHz, CDG) § 56.1 and 56.2. GGE
7.86 min; GCMS (El, 70 eV), m/z 57 (100) 120 (59) 129) 65
(39), 167 (53), 125 (100), 109 (10), 105 (13), 9@)( 91 (85), 77
(13), 65 (24), 47 (49). HRMS (ESI): m/z = 250.1236 (35) 79 (31) 78 (28) 116 (28) 64 (28) 81 (14) 80)(21 (13) 77
[CyeH1OP+HT, miz (calc'd) = 259.1246, diff. = -3.86 ppm (12) 115 (11) 146 (11) 63 (11) 55 (11) 129 (11). GG 7.89
e ' ' T ' min; GCMS (El, 70 eV), m/z 57(100) 120 (49) 121 (8%)(28)
Cyclic  1-phenylphospholane oxide 24" and 1- 79 (26) 64 (26) 78 (24) 116 (18) 80 (11) 77 (11).NHR(ESI):
phenylphosphorinane-1-oxide5)'® were synthesized according m/z = 201.1393 [GH,,OP+H], m/z (calc'd) = 201.1403, diff. =
to reported procedures. Analytical data match preshioreported  -4.97 ppm.

values. 4.3.2. t-Butyl cyclohexylmethyl phosphine oxide (8)

4.2.2. Tertiary Alkyldiarylphosphine Oxides The compound8 was prepared according to the general
procedure from-butylmethylphenylphosphine oxid&)((0.13 g,
0.66 mmol), sodium (0.09g, 3.97 mmol, 6 equiv) aferOH
(0.29 mL, 3.97 mmol, 6 equiv). Yield: 0.095 g (71%pplorless
Into a flame-dried two-necked flask equipped with netig  Oil. Ry= 0.26 (CHCYMeOH = 15:1)'H NMR (500 MHz, CDC})
stirrer and argon inlet was placed chlorodiphenygpinine (6 6 1.18 (d,Jp.4= 13.9 Hz, 9H), 1.21-1.30 (m, 3H), 1.30 @.4=
mmol) in dry and degassed THF (30 mL). The mixtwas 11.4 Hz, 3H), 1.34-1.49 (m, 2H), 1.69-1.72 (m, 1H),741/M1
cooled to 0C and Grignard or organolithium reagent (7.5 mmol)(m, 4H), 2.05-2.15 (m, 1H)*C NMR (126 MHz, CDCJ) & 7.9
was added dropwise. The reaction mixture was allowedaton  (d, Jo.c= 60.0 Hz), 25.2, 25.9, 26.5 (Gh.c= 3.6 Hz), 26.6 (dJ».
to room temperature and stirred for overnight undegon ¢= 11.8 Hz), 26.8 (dJp.c = 12.7 Hz), 27.7 (dJp.c= 2.7 Hz),
atmosphere. The mixture was cooled to°® and hydrogen 32.8 (d,Jp.c= 65.4 Hz), 35.9 (dJp.c= 64.6 Hz).*P NMR (202
peroxide (30% in kKD, 2.5 equivalents) was added slowly via MHz, CDCE) 6 56.0. GC 4= 7.8 min; GCMS (EI, 70 eV), m/z
syringe and allowed to warm to room temperature singd for 65 (100) 91 (88) 146 (85) 57 (81) 120 (59) 55 (66)(36) 147
2 h. The reaction was quenched by addition of smdrlH,CI  (29) 83 (27) 78 (25) 105 (21) 104 (20) 121 (20)(88) 63 (18)
solution (20 mL), the mixture was extracted with DCBk%0 92 (16) 131 (15) 117 (12) 67 (11) 79 (10) 118 (HRMS (ESI):
mL), the organic layers were collected, dried oveg3®, m/z = 203.1549 [GH,s0P+HT, m/z (calc'd) = 203.1559, diff. =
filtered, and evaporated. Analytical " data for -4.92 ppm.
methyldiphenylphosphine oxide 26), n- " . .
bu_tyldiphezgylphosphine OXid?Z'O’ i-propyld@phenylphosiphine 4'3"I'3r'1§y fmggﬂﬂlﬁzyvlf:glﬁﬁ:hdea%fgzding to the general
oxide 8 and cyclopentyldiphenylphosphine oxid29)™ are procedure from dimethylphenylphosphine oxid&)((0.15 g, 1

in accordance with previously reported. mmol), sodium (0.14 g, 6 mmol, 6 equiv) arBrOH (0.45 mL,
The dialkylarylphosphine oxides possessing differen6 mmol, 6 equiv). Yield: 0.072 g (45%). Colorlesgstals, mp =
substitution pattern in aryl fragment such asndiiutyl(3- 127-128°C R = 0.31 (CHCYMeOH = 15:1)."H NMR (500
methoxyphenyl)phosphine oxide 30, di-n-butyl(4-  MHz, CDCk) 6 1.19-1.34 (m, 5H), 1.41 (dp.4y= 12.0 Hz, 6H),
methoxyphenyl)phosphine ~ oxide 31),  di-n-butyl(d-  1.55-1.65 (m, 1H), 1.74 (dpy= 9.8 Hz, 1H), 1.82-1.89 (m, 2H),
methylphenyl)phosphine  oxide 3%,  di-n-butyl(3,5- 1.92-1.98 (m, 2H):°C NMR (126 MHz, CDG)) § 13.6 (d,Jp.c=
dimethylphenyl)phosphine oxide33), dimethyl(naphthalen-1- 66.3 Hz), 25.4 (dJe.c= 2.7 Hz), 25.8 (dJp.c= 1.2 Hz), 26.3 (d,
yl)phosphine oxide 34 and din-butyl(naphthalen-1- Jpc= 13.6 Hz), 39.5 (dJp.c = 70.8 Hz).*'P NMR (202 MHz,
yl)phosphine oxide 35) were prepared following the synthetic CDCl;) & 45.95. GC ¢ = 7.1 min; GCMS (EI, 70 eV), m/z 78
procedure developed in our laboratory. (100) 79 (42) 105 (31) 63 (16) 55 (15) 77 (10) 8} 92 (5).

HRMS (ESI): m/z = 161.1087 OP+HJ, m/z (calc'd) =
4.3. General experimental procedure for the reduction of 161.109(0 di%‘f.:-l.86 ppm. HBL7 I ( )

phosphine oxides with Na/i-PrOH system

The diphenylphosphine oxid@6-29were prepared according
to general procedure described below.

. . ... 4.3.4. 1,2-Bis(dimethyl phosphinoyl)cyclohexane (13b)
In a ﬂame'd”ed Schlenk tub.e (20 mL) equipped with = 1,4 compoundl3b was prepared according to the general
magnetic stirrer and an inert gas inlet a subst{@t&1 mmol) procedure from dimethylphenylphosphine oxid®)((0.15 g, 1

was dissolved in 3-10 mL of dry THF. To this solatiwas mmol), sodium (0.14 g, 6 mmol, 6 equiv) aRBIrOH (0.45 mL
added (6 or 12 equiv) afPrOH followed by (6 or 12 equiv) of ¢ mmol, 6 equiv). Yield: 0.031 g (26%). White crystmp =

sodium and the reaction mixture was heated at 5€ofQ@4 h. 223-226°C, R = 0.05 (CHCYMeOH = 15:1)*H NMR *H NMR
The reaction was then quenched with sat. NaCl (5 nnd a (500 MHz, CDC}) § 1.57 (d,Jp.s= 12.0 Hz, 6H), 1.62 (dJp.i=
extracted with DCM (3x20 mL). The combined organiag#s 11 7 s 6H), 1.65-1.79 (m, 4H), 1.82-1.93 (m, 2H),82(tn
were dried over MgS§) filtered, and evaporated under the 2H), 297.2.36 (m, 2HFC NMR (1,26 MHz, CDCJ)'S 15.5-16.6
reduced pressure. The obtained residue and Pdi®i%) were (m, CH.), 22.6, 23.4, 34.18-35.17 (16H). *P NMR (202 MHz,
placed in a flame-dried Schlenk tube (20 mL) uraigon. Dry CDCI3) § 48.5. GC 4= 10.3 min: GCMS (El, 70 eV), m/z 159

EtOAc was added _(5 mL, the reaction vessel was evaz_btfa’ee (100) 81 (37) 79 (34) 77 (25) 78 (13) 139 (12) 68)(160 (10)
times and filled with hydrogen, and the reaction tomi& was
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221 (8) 47 (6). HRMS (ESI: m/z =
[C2H440,P+Na]’, m/z (calc'd) = 495.2082 , diff. = -1.01 ppm.

4.3.5. Cyclohexyldiethylphosphine oxide (14a)

The compoundl4a was prepared according to the general

procedure from diethylphenylphosphine oxid&)((0.11 g, 0.6
mmol), sodium (83 mg, 6 equiv) andPrOH (0.274 mL, 6
equiv). Yield: 0.043 g (38%). Colorless oil. R 0.35
(CH,CIl,/MeOH = 15:1)*H NMR (500 MHz, CHCJ) § 1.10-1.18
(m, 6H), 1.21-1.40 (m, 5H), 1.58-1.75 (m, 6H), 1.793L(m,
4H). °C NMR (126 MHz, CDG)) § 5.7 (d,Jp.c= 5.5 Hz), 17.7
(d, ‘]P-C: 64.5 HZ), 25.3 (CUP-C: 2.7 HZ), 25.9 (de_Cz 1.8 HZ),
26.5 (d,Jp.c= 11.8 Hz), 36.1 (dJp.c= 66.3 Hz).*'P NMR (202
MHz, CDCk) 6 52.9. GC 4= 8.8 min; GCMS (El, 70 eV), m/z
106 (100) 78 (51) 133 (33) 107 (32) 77 (23) 55 (29)(14) 81
(12) 49 (11) 105 (9). HRMS (ESI): m/z =
[Co0H40,P+H]", m/z (calc'd) = 377.2733, diff. = -4.24 ppm.

4.3.6. Di-n-butylcyclohexyl phosphine oxide (15a)

The compoundl5a was prepared according to the general

procedure from dir-butylphenylphosphine oxidel®) (0.08 g,
0.33 mmol), sodium (46 mg, 6 equiv) anrérOH (0.15 mL, 6
equiv). Yield: 0.031 g (39%). Colorless oil. R 0.43
(CH,Cl,/MeOH = 15:1)."H NMR (500 MHz, CDCJ) & 0.94 (t,
Jun = 7.3 Hz, 6H), 1.21-1.37 (m, 5H), 1.43 (di,.;= 14.5 Hz,
Jun = 7.3 Hz, 4H), 1.51-1.77 (m, 10H), 1.81-1.96 (m, 4K

NMR (126 MHz, CDC}) $ 13.7, 23.7 (dJp.c= 4.5 Hz), 24.5 (d,
Jp.c= 14.5 Hz), 25.2 (dJp.c= 63.4 Hz), 25.4 (dJp.c= 2.7 Hz),
26.0 (d,\]p_cz 1.2 HZ), 26.5 (dJP-C: 12.7 HZ), 36.9 (de_Cz

66.3 Hz).*P NMR (202 MHz, CDG) § 50.6. GC 4= 8.9 min;
GCMS (El, 70 eV), m/z 78 (100) 55 (65) 120 (55) 63)(246
(38) 79 (35) 162 (25) 105 (19) 81 (19) 215 (19) 1¥B) 65 (17)
92 (15) 188 (15) 121 (14) 91 (14) 64 (14) 147 (A3Y (13) 160
(13) 133 (11) 83 (11) 106 (10). HRMS (ESI): m/z =15798
[CoeHss0,P+NaJ’, m/z (calc'd) = 511.3804, diff. = -1.17 ppm.

4.3.7. 1,2-Bis(di(n-butyl)phosphinoyl)cyclohexane (15b)

377.2717 (ESI):

495.2077 (ESI): miz = 217.1709 [GH,sOP+H], m/z (calc'd) = 217.1716,

diff. =-3.22 ppm.

4.3.9. 1,2-Bis(di(n-propyl)phosphinoyl)cycl ohexane (16b)

The compoundl6b was prepared according to the general
procedure from di-propylphenylphosphine oxidd.§) (0.063 g,
0.3 mmol), sodium (41 mg, 6 equiv) aidPrOH (0.14 mL, 6
equiv). Yield: 0.006 g (11%). Colorless oil. R 0.35
(CH,Cl,/MeOH = 15:1).*H NMR (500 MHz, CDCJ) 5 1.01-1.10
(m, 12H), 1.51-1.77 (m, 18H), 1.77-1.92 (m, 4H), 22136 (m,
2H), 2.28-2.36 (m, 2H)"°C NMR (126 MHz, CDCJ) & 15.8 (d,
Jp.c = 20.0 Hz), 15.9-16.1 (mCH,) 22.7, 23.3, 28.7-30.0 (m),
30.8-31.9 (M)*'P NMR (202 MHz, CDG)) 6 53.6. GC 4= 20.0
min; GCMS (El, 70 eV), m/z 215 (100) 133 (22) 216R)(263
(13) 63 (10) 81 (10) 73 (8) 181 (8) 135 (7) 30576)(5). HRMS
m/z = 349.2409 [@HsO.P+H]", m/z (calc'd) =
349.2420, diff. = -3.15ppm.

4.3.10. Cyclohexyldi(i-propyl)phosphine oxide (17a)

The compoundl7a was prepared according to the general
procedure from di-propylphenylphosphine oxidelq) (0.14 g,
0.66 mmol), sodium (0.092g, 6 equiv) anBrOH (0.299 mL, 6
equiv). Yield: 0.123 g (78%). Colorless oil.1 R= 0.48
(CHCIy/MeOH = 15:1)."H NMR (500 MHz, CDCJ) 5 1.16 (dd,
Joy= 14.2 Hz,Jp.u= 7.3 Hz, 12 H), 1.18-1.24 (m, 3H), 1.37 (d,
Jp.y=12.0 Hz, 2H), 1.64-1.69 (m, 1H), 1.78 (dd.,;= 10.3 Hz,
Jun = 3.0 Hz, 2H), 1.83 (dt)p.y= 12.0 Hz,Jy.4 = 3.0 Hz, 1H),
1.88 (d,Jp.y = 12.3 Hz, 2H), 2.01-2.12 (m, 2HYC NMR (126
MHz, CDCL) & 16.42 (dJp.c= 4,5 Hz), 16.45 (dJp.c= 2.7 Hz),
24.4 (d,Jp_C: 61.0 HZ), 26.0 (CUP-C: 1.8 HZ), 26.3 (de_Cz 2.7
Hz), 26.8 (dJp.c= 11.8 Hz), 35.53 (dJp.c= 61.0 Hz).*P NMR
(202 MHz, CDC}) 5 56.6. GC 4= 8,18 min; GCMS (El, 70 eV),
miz (%) 134 (100), 92 (62), 93 (35), 55 (33), 80)(3L73 (27),
91 (24), 63 (19), 135 (19), 74 (19), 161 (19), 18)( 83 (12),
119 (11), 132 (10). HRMS (ESI: m/z = 239.1524
[C1H,:OP+Na], m/z (calc'd) = 239.1535, diff. = -4.60 ppm.

The compoundl5b was prepared according to the general4.3.11. Cyclohexyldicyclopentylphosphine oxide (18a)

procedure from dir-butylphenylphosphine oxidel®) (0.08 g,
0.33 mmol), sodium (46 mg, 6 equiv) anrérOH (0.15 mL, 6
equiv). Yield: 0.015 g (22%). Colorless oil. R 0.35
(CH,Cl,/MeOH = 15:1)."H NMR (500 MHz, CDC}) 5 0.95 (q,
Jun = 6.9 Hz, 12H), 1.38-1.49 (m, 9H), 1.50-1.59 (m, 5HHOL
1.95 (m, 16H), 2.14-2.28 (m, 2H), 2.34 (bs, 2HE NMR (126
MHz, CDCk) 8 13.7 (d,Jp.c= 1.8 Hz), 23.0 (dJp.c= 74.5 Hz),
24.1 (d,Jpc= 24.5 Hz), 24.4 (dJp.c= 20.0 Hz), 24.4 (dJpc=
7.3 Hz), 26.2-27.5 (MCH,), 30.71-31.69 (MCH). *P NMR
(202 MHz, CDC}) & 54.1. GC ¢= 12.9 min; GCMS (El, 70 eV),
m/z 243 (100) 244 (17) 161 (14) 63 (13) 291 (11)55) 81 (9)
78 (8) 347 (6). HRMS (ESI): m/z = 405.3053,§8,60,P,+H]",
m/z (calc'd) = 405.3046, diff. = 1.73 ppm.

4.3.8. Cyclohexyldi(n-propyl)phosphine oxide (16a)

The compoundl6a was prepared according to the general

procedure from di-propylphenylphosphine oxidd.§) (0.063 g,
0.3 mmol), sodium (41 mg, 6 equiv) amdPrOH (0.14 mL, 6
equiv). Yield: 0.015 g (23%). Colorless oil. R 0.45
(CH,Cl,/MeOH = 15:1)."H NMR (500 MHz, CDC}J) § 0.99-1.07
(m, 6H), 1.19-1.38 (m, 5H), 1.55-1.76 (m, 10H), 1.8871(m,
2H), 1.90 (m, 2H)*C NMR (126 MHz, CDGJ) & 15.3 (d,Jp.c=

3.6 Hz), 16.0 (dJp.c= 14.5 Hz), 25.4 (dJp.c= 2.7 Hz), 25.9,
26.5 (d,\]p_c: 12.7 HZ), 27.7 (dJP-C: 62.7 HZ), 36.9 (de_cz

66.3 Hz).*P NMR (202 MHz, CDG) § 50.5. GC 4= 9.3 min;
GCMS (El, 70 eV), m/z 134 (100) 92 (79) 106 (72) 38)(93
(53) 174 (50) 55 (49) 63 (37) 119 (36) 132 (31) (31 135 (27)
161 (27) 64 (27) 81 (24) 73 (23) 91 (19) 146 (18)(84) 201
(14) 173 (13) 159 (13) 107 (12) 79 (11) 65 (11)(20). HRMS

The compoundl8a was prepared according to the general
procedure from dicyclopentylphenylphosphine oxiti8) (0.087
g, 0.33 mmol), sodium (0.046g, 6 equiv) @rerOH (0.151 mL,
6 equiv). Yield: 0.055 g (62%). Colorless oil.; R 0.38
(CH,Cl,/MeOH = 15:1).'H NMR (500 MHz, CDC}) & 1.21-1.37
(m, 5H), 1.54-1.64 (m, 4H), 1.70-1.78 (m, 5H), 1.8941(m,
11H), 1.98-2.09 (m, 4H)*C NMR (126 MHz, CDCJ) § 26.0 (d,
Jp.c= 10.0 Hz), 26.3 (dJp.c= 1.2 Hz), 26.4 (dJp.c= 9.1 Hz),
26.6 (d,Jp.c= 2.7 Hz), 27.0 (dJp.c= 13.5 Hz), 27.1, 27.2 (dpc
= 1.8 Hz), 36.0 (dJp.c= 65.4 Hz), 38.4 (dJp.c= 64.5 Hz).'P
NMR (202 MHz, CDC}) é 53.3. GC ¢ = 12.6 min; GCMS (ElI,
70 eV), m/z 119 (100) 118 (72) 55 (51) 145 (44) 89) (67 (43)
200 (42) 186 (42) 132 (32) 69 (29) 133 (25) 227)@» (19) 83
(17) 51 (14) 159 (14) 185 (13) 199 (10) 201 (10).\HR(ESI):
m/z = 291.1835 [GH,OP+Na], m/z (calc'd) = 291.1848, diff. =
-4.46 ppm.

4.3.12. Dibenzyl cyclohexylphosphine oxide (19a)

The compoundl9a was prepared according to the general
procedure from dibenzylphenylphosphine oxid®)((0.092 g,
0.3 mmol), sodium (0.041g, 6 equiv) aré&rOH (0.137 mL, 6
equiv). Yield: 0.020 g (21%). White crystal, mp =131553°C; R
= 0.4 (CHCI/MeOH = 15:1)."H NMR (500 MHz, CDC}) &
1.10-1.23 (m, 3H), 1.23-1.35 (m, 2H), 1.62-1.73 (id),2..82 (s,
2H), 1.95 (s, 2H), 2.97-3.15 (m, 4H), 7.24-7.38 (mHLO*C
NMR (126 MHz, CDC}) 8 25.7 (d,Jp.c= 2.7 Hz), 25.9 (dJp.c=
1.8 Hz), 26.4 (dJp.c= 12.7 Hz), 33.5 (dJp.c= 58.1 Hz), 36.5 (d,
Jp.c= 66.3 Hz), 126.8 (dJp.c= 2.9 Hz), 128.7 (dJp.c= 2.7 Hz),
129.8 (d,Jp.c= 4.5 Hz), 132.2 (dJp.c= 7.3 Hz).*'P NMR (202
MHz, CDCL) 6 45.4. GC 4= 15.2 min; GCMS (El, 70 eV), m/z
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91 (100) 139 (62) 230 (24) 55 (23) 312 (18) 65 (12} (13) 81  (0.082 g, 0.3 mmol), sodium (0.41 g, 6 equiv) ar@rOH
(12) 221 (10). HRMS (ESI): m/z = 625.3370,§85.0,P,+H]", (0.137 mL, 6 equiv). Yield: 0.041 g (49%). White stal, mp =
m/z (calc'd) = 625.3359, diff. = 1.76 ppm. 113°C; R = 0.35 (CHCI,/MeOH = 15:1)."H NMR (500 MHz,

. CDCl) § 1.10-1.29 (m, 4H), 1.19 (dpyy= 13.60 Hz, 9H), 1.37-
4.3.13. Benzylcyclohexylmethyl phosphine oxide (20a) 1.48 ?)m 1H), 1.65-(1.71 (r)n, 1H),( 1.75-1.83 (m, 2H)32’>11.93

The compound20a was prepared according to the general i )
procedure from benzylmethylphenylphosphine oxi2® (0.076 (1r|n_|) 17H%’11('t%9 2:1(; émﬁlez)l_")g'?i;'(g (nl 71|;)Hz7222|—@|3)71(3r?:
g, 0.33 mmol), sodium (0.046 g, 6 equiv) afRfOH (0.153 mL, 10 ('126 Mﬁ; chJ) 5258 261 (dJ“’H — 192 Hzi 270 d
6 equiv). Yield: 0.018 g (23%). White crystal, mp&7-109°C; A ' e o7 S o
H Jpc= 1.8 Hz), 27.1 (dJp.c= 1.8 HZ), 27.3 (dJp.c= 2.7 Hz), 27.5
R:= 0.43 (CHCI,/MeOH = 15:1)*H NMR (500 MHz, CDCJ) § - _ _
1.22-1.28 (m, 2H), 1.28-1.31 (m, 3H), 1.32-1.49 () 3L61- O Jpc= 27 H2), 30.0 (dJe.c= 536 Hz), 34.1 (dJpc= 61.8 Hz)
eent v e, 22000 » 9T, LeSemh 3L 37.2 (d,Jp.c= 60.0 Hz), 126.5 (dJp.c= 1.8 Hz), 128.5, 130.2 (d,

1.71 (m, 1H), 1.72-1.96 (m, 4H), 2.05 @, = 12.3 Hz,z}sH), Joum 4.5 Hz), 133.2 (d) = 6.4 H2) *P NMR (202 MHz, CDG)

NS (,\’A“ﬁ 2'26&22'175’11 g‘} 3_”2673;3&'7'% g”‘“&j € §53.1. GC 4= 12.0 min; GCMS (E, 70 eV), m/z 91 (100) 140

PR (120 Mz, CDA 2 11 2(5’9P'Coﬁ -3 ), 258 (¢ "o~ (59) 129 (52) 196 (41) 222 (39) 122 (37) 141 (313 133) 278

-7 H2), 256 (dJpc= 2.7 H2), 25.9 (d)p.c= 1.9 H2), 26.2 (do. 53y g1 (23) 167 (22) 131 (20) 139 (18) 83 (14) 123) 92 (12)

c= 6.4 Hz), 26.3 (dJp.c= 6.4 Hz), 35.6 (dJp.c= 60.0 Hz), 37.5 17 (11) 223 (10). HRMS (ESI): miz = 557.3680

(d, Jpc= 69.0 Hz), 126.8 (p.c= 2.7 Hz), 1288 (dfp.c= 18 10 v\ o bt 7 (calc'd) = 557.3672, diff. = 1.44 ppm.

Hz), 129.6 (dJp.c= 4.5 Hz), 132.4 (dJp.c= 7.3 Hz).*'P NMR
z, .8. 4= 11.6 min; , 70 eV), 4.3.17. 1-Cyclohexylphosphinane 1-oxide (24a

(202 MHz, CDC}) 6 46.8. GC 4= 11.6 min; GCMS (El, 70 eV), 4.3.17. 1-Cyclohexyl phosphi 1-oxide (24a)

m/z 91 (100) 154 (89) 81 (32) 181 (26) 155 (24) 238 92 (21) The compound24a was prepared according to the general

83 (11). HRMS (ESI): m/z = 473.2754 4€1,,0,P,+H]*, m/z  procedure from 1-phenylphospholane oxi@d)((0.108 g, 0.6

calc'd) = 473.2733, diff. = 4.44 ppm. mmol), sodium (O. g, equiv) anePrOH (0.276 mL,

(calc'd) 3.2733, diff ), sodium (0.083 g, 6 equiv) arnePrOH (0.276 6

equiv). Yield: 0.040 g (36%). Colorless oil. Rf =40.

4.3.14. Benzyl (n-butyl)cyclohexyl phosphine oxide (21a) (CH,Cl,/MeOH = 15:1)*H NMR *H NMR (500 MHz, CDCI3)
The compound2la was prepared according to the general1 212_1233 (m, 3H) '13'3_1 44 (m, 2H), 1.60-1.83 (,rH) 81 83-

procedure from benzylbutyl)phenylphosphine oxide 21) 1.90 (m. 2H). 1.92-1.98 (m. 2H). 1.99-2.07 (m. 25T NMR
(0.082 g, 0.3 mmol), sodium (0.41 g, 6 equiv) &RIOH (0.137 (ize ﬁ,,H’Z, gbq) 5249 Ed,hp_cz)’6é.7 Hz'), 2E1.é (dJ?fc: 7.3
gnL, 6 equiv). Yield: 0.026 g (31%). Wime crystalpm 95-97 Hz), 25.5 (dJp.c= 2.7 Hz), 25.8 (dJp.c= 1.8 Hz), 26.2 (dJp.c=
C: R =045 (CHCI/MeOH = 15:1).'H NMR (500 MHz, 1551,y 38 8 (d), .= 64.5 Hz)>P NMR (202 MHz, CDG) 5
CDCl) & 0.87-0.92 (m, 3H), 1.22-1.28 (m, 3H), 1.33-1.40 (M,75'4 "GA 4= 9.9 min: GOMS (EI, 70 V), m/z (%) 104 (100)
3H), 1.44-1.66 (m, 5H), 1.70 (dlpy = 12.0 Hz.Jyy = 3.0 HZ, 157 (51y131 (43) 55 (19) 103 (19) 76 (17) 47 (HRMS (ESI):

1H), 1.74 (ddJus = 5.4 Hz Jpu= 5.42.2 Hz, 1H), 1.83-2.01 (m, > e )
4H), 3.02-3.21 (m, 2H), 7.22-7.40 (m, 54C NMR (126 MHz, ;"/124 p;g}mzso [@H1OP+HT, m/z (calc'd) = 187.1246, diff.

CDCl) 3 13.6, 23.6 (dJp.c= 4.5 Hz), 24.3, 24.4 (dlpc= 5.5
Hz), 25.0, 25.5 (dJp.c= 2.7 Hz), 25.5 (dJp.c= 2.7 Hz), 25.9, 4.3.18. 1-Cyclohexylphosphinane 1-oxide (25a)

26.4 (d,Jp.c= 13.6 Hz), 33.8 (dJp.c= 57.2 Hz), 36.6 (dJp.c= The compound25a was prepared according to the general
66.3 Hz), 126.7 (dJp.c= 2.7 Hz), 128.8 (dJp.c= 1.8 Hz), 129.6  procedure from 1-phenylphosphorinane-1-oxigg) (0.194 g, 1
(d, Jp.c= 5.5 Hz), 132.5 (dJp.c= 7.3 Hz).*P NMR (202 MHz, mmol), sodium (0.138 g, 6 equiv) arePrOH (0.449 mL, 6
CDCl;) § 48.4. GC 4= 12.3 min; GCMS (El, 70 eV), m/z .91 equiv). Yield: 0.076 g (38%). White crystal, mp =41%€. Rf =
(100) 154 (86) 81 (31) 196 (30) 187 (21) 222 (18% 116) 92  0.30 (CHCYMeOH = 15:1)."H NMR (500 MHz, CDC}) § 1.24-

(16) 249 (16) 278 (15) 223 (10) 83 (10). HRMS (ES$tyz = 1.34 (m, 3H), 1.40-1.54 (m, 3H), 1.60-1.84 (m, 9HB511.92
557.3663 [GHs:0,P,+H]*, m/z (calc'd) = 557.3672 , diff. = - (m, 4H), 1.96-2.08 (m, 2H}°’C NMR (126 MHz, CDGCJ) § 22.0
1.61 ppm. (d, ‘]P-C: 55 HZ), 24.4 (dJP-C: 2.7 HZ), 24.8 (de_Cz 60.9 HZ),

. . , 25.8 (d,Jp.c= 1.2 Hz), 26.3 (dJp.c= 12.7 Hz), 26.8 (dJp.c=5.5
e e e qenral 2, 359 (.= 8.1 1) N (202 iz C0G) 3437

. . . GC r=9.2 min; GCMS (El, 70 eV), m/z (%) 118 (100) 118)3
procedure from benzylpropyl)phenylphosphine oxide2%) 145 (30) 55.05 (16) 90 (16) 117 (14) 78 (10). HRNESI): m/z
(0.039 g, 0.15 mmol), sodium (0.021 g, 6 equiv) &RIOH  _ 201 1398.[C1‘4H OP+HT, miz (calc'd) = 20'1 1403 d.iff _
(0.069 mL, 6 equiv). Yield: 0.011 g (28%). White stgl, mp = - ;o pbm 21 ’ ' P
71-73°C; R = 0.46 (CHCI,/MeOH = 15:1)"H NMR (500 MHz, ' '
CDCly) 8 1.10-1.23 (m, 6H), 1.20-1.28 (m, 3H), 1.29-1.38 (m,4.3.19. 1,2-Bis(phosphorinane 1-oxide)cyclohexane (25b)
1H), 1.38-1.47 (m, 1H), 1.65-1.77 (m, 1H), 1.80-1.47, 6H), The compound25b was prepared according to the general
1.97-2.04 (m, 1H), 3.12 (ddp.y= 12.6,Jy.y= 4.1Hz, 2H), 7.23- procedure from 1-phenylphosphorinane-1-oxigg) (0.194 g, 1
7.28 (m, 1H), 7.30-7.37 (m, 4HYC NMR (126 MHz, CDG)) § mmol), sodium (0.138 g, 6 equiv) anePrOH (0.449 mL, 6
16.0 (d,Jp.c= 2.7 Hz), 16.1 (dJp.c= 2.7 Hz), 25.6 (dJp.c= 63.3  equiv). Yield: 0.068 g (43%). Colorless oil. Rf =2D.
Hz), 25.7 (dJp.c= 3.6 Hz), 25.8 (dJp.c= 2.7 Hz), 26.0, 26.6 (d, (CHCl/MeOH = 15:1)."H NMR (500 MHz, CDCJ) § 1.41-1.51
Jp.c= 5.5 Hz), 26.7 (dJp.c= 6.4 Hz), 32.1 (dJp.c= 56.3 Hz), (m, 2H), 1.60-2.08 (m, 24H), 2.14-2.28 (m, 2H), 2.84, (2H).
36.2 (d,Jp.c= 63.6 H2, 126.7 (dJp.c= 2.7 Hz), 128.7 (dJpc=  ~C NMR (126 MHz, CDC}) § 22.3 (dd,Jp.c = 30.8 Hz,Jp.c =
1.8 Hz), 129.8 (dJp.c = 4.5 Hz), 132.8 (dJpc= 7.3 Hz2).*'P  2.70 Hz), 22.6 (dJp.c= 2.7 Hz), 26.6 (ddJp.c= 2.7 Hz,Jp.c= 2.7
NMR (202 MHz, CDCJ) § 51.4. GC ¢ = 12.0 min; GCMS (El, Hz), 26.9 (ddJp.c= 60.8 Hz,Jp.c= 3.6 Hz), 26.9-27.0 (m), 30.2-
70 eV), m/z 91 (100) 182 (51) 140 (36) 81 (31) 173 (264 (20) 31.5 (M. *P NMR (202 MHz, CDG) & 46.3. GC = 15,3 min;
139 (17) 92 (14) 183 (12) 222 (11) 93 (11) 209 (83)(10). GCMS (El, 70 eV), m/z 199 (100) 119 (15) 117 (14)83) 200
HRMS (ESI): m/z = 529.3342 [gHsO.P,+H]", m/z (calc'd) = (13). HRMS (ESI): m/z = 339.1623 [§,.0.P,+Na]’, m/z
529.3359, diff. =-3.21 ppm. (calc'd) = 339.1613, diff. = 2.95 ppm.

4.3.16. Benzyl(t-butyl)cyclohexyl phosphine oxide (23a) 4.3.20. Dicyclohexylmethyl phosphine oxide (26a)
The compound23a was prepared according to the general The compound26a was prepared according to the general
procedure from benzytputyl)phenylphosphine oxide 28) procedure from methyldiphenylphosphine oxi@é)((0.1 g, 0.46
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mmol), sodium (0.128 g, 12 equiv) airdPrOH (0.415 mL, 12
equiv). Yield: 0.018 g (17%). White crystal, mp =-82°C (lit.
79-81°CY*% Rf = 0.36 (CHGJMeOH = 15:1)."H NMR (500

66.3 Hz).*'P NMR (202 MHz, CDG) & 41.3 (dd,J = 604.6,
10.0 Hz). GC ¢ = 14.2 min; GCMS (El, 70 eV), m/z 200 (100)
273 (83) 79 (36) 81 (34) 206 (27) 144 (23) 145 (@3)14) 127

MHz, CDCL) & 1.22-1.34 (m, 9H), 1.34-1.47 (m, 4H), 1.66-1.77 (12) 274 (12) 67 (12) 53 (11) 129 (10) 65 (10). HRIES): m/z

(m, 4H), 1.77-1.83 (m, 2H), 1.86 (@.,= 7.6 Hz, 4H), 1.96-2.04
(m, 2H).*C NMR (126 MHz, CDC}) 5 8.6 (d,Jp.c= 61.8 Hz),
24.8 (d,Jp.c= 3.1 Hz), 25.7 (dJp.c= 2.5 Hz), 25.9 (dJp.c= 1.2
Hz), 26.4 (d Jp.c= 11.8 Hz), 26.5 (dJp.c= 12.7 Hz), 35.8 (dJp.c
= 66.3 Hz) *P NMR (202 MHz, CDG) § 50.8. GC = 9.6 min;
GCMS (El, 70 eV), m/z 146 (100) 65 (58) 55 (45) 92)(247
(29) 173 (25.63) 81 (18) 83 (17) 92 (12) 105 (1M% 111) 63
(10) 64 (10). HRMS (ESI): m/z = 457.3378 ,§85,0,P+H]",
m/z (calc'd) = 457.3359, diff. = 4.15ppm.

4.3.21. 5,10-Dimethyltetradecahydr ophosphanthrene 5,10-
dioxide (26b)

The four isomers of compoun@&b were formed according
to the general procedure from methyldiphenylphasphixide
(26) (0.1 g, 0.46 mmol), sodium (0.128 g, 12 equiw) afrOH
(0.415 mL, 12 equiv). According t8P NMR spectrum, the total
yield of four isomers is 42%. The isomers of 26bF) were

= 599.2695 [GH5,0,P,+Na]", m/z (calc'd) = 599.2708, diff. = -
2.17 ppm.

4.3.22. n-Butyldicyclohexyl phosphine oxide (27a)

The compound27a was prepared according to the general
procedure fromn-butyldiphenylphosphine oxide27) (0.086 g,
0.33 mmol), sodium (0.092 g, 12 equiv) arAArOH (0.299 mL,
12 equiv). Yield: 0.021 g (24%). Colorless oil. Rf 339
(CHCIly/MeOH = 15:1)."H NMR (500 MHz, CDCJ) & 0.95 (t,J.
n= 7.4 Hz, 3H), 1.22-1.33 (m, 7H), 1.36-1.47 (m, 5H}611.69
(m, 4H), 1.73-1.78 (m, 3H), 1.78-1.82 (m, 1H), 1.83801(m,
5H), 1.91-2.05 (m, 2H)°C NMR (126 MHz, CDGCJ) & 13.7 (d,
Jo.c= 64.5 Hz), 23.3, 23.7, 24.1 (3h.c= 4.5 Hz), 24.7 (dJpc=
13.6 Hz), 25.6 (dJp.c= 2.7 Hz), 25.9 (dJp.c= 2.7 Hz), 26.0 (d,
Jp.c= 1.2 Hz), 26.6 (dJp.c= 3.6 Hz), 26.7 (dJp.c= 4.5 Hz), 36.2
(d, Jp.c= 64.5 Hz).*'P NMR (202 MHz, CDG) & 51.6. GC 4=
9.6 min; GCMS (El, 70 eV), m/z 146 (100) 65 (60) %5(47.96)

separated by column chromatography in 4%+3%+3%+139%1 (45) 147 (30) 173 (24) 83 (18) 81 (17) 92 (1A% 111) 104

yield, respectively.

Isomer 26b-F1; Yield: 0.005 g (4%); White solid. Rf = 0.13
(CHCly/MeOH = 15:1)."H NMR (500 MHz, CDC}) & 1.20-1.32
(m, 1H), 1.37-1.40 (m, 2H), 1.47 (@.4= 12.3 Hz, 3H), 1.50 (d,
Jo.y= 11.7 Hz, 3H), 1.61 (m, 1H), 1.64 (m, 1H), 1.70 (bd),4
1.78 (m, 2H), 1.91 (m, 3H), 2.07-2.18 (m, 3H), 2.2P&2(m,
1H), 2.29 (dtJp.y= 13.6,Jp.4= 3.8 Hz, 1H), 2.38 (m, 1H)’C
NMR (126 MHz, CDC}) & 10.8 (d,Jp.c= 65.4 Hz), 12.1 (dJp.c=
66.3 Hz), 21.9, 23.1-23.2 (m), 23.7, 24.9Jd¢= 12.7 Hz), 26.4
(d, Jp.c= 13.6 Hz), 27.1-27.3 (m), 32.0 (dihc= 64.5 Hz,Jp.c=
2.7 Hz), 32.8 (ddJp.c= 62.7 Hz,Jp.c= 2.7 Hz), 36.3 (ddJp.c=
63.6 Hz,Jp.c= 3.6 Hz), 40.7 (dJp.c= 64.5 Hz).*'P NMR (202
MHz, CDCk) & 44.9 (dd,Jpr = 266.2, 14.9 Hz). GGE 13.1
min; GCMS (El, 70 eV), m/z 191 (100) 273 (85) 81 (=06
(30) 127 (26) 145 (18) 126 (15) 288 (15) 80 (14) 203) 144
(12) 274 (11). HRMS (ESI): m/z = 289.1479,{8,60,P+H]",
m/z (calc'd) = 289.1481, diff. = -0.69 ppm.

Isomer 26b-F2; Yield: 0.004 g (3%); White solid. Rf = 0.12
(CHCIy/MeOH = 15:1)*'P NMR (202 MHz, CDG)) & 42.4. GC
tr = 13.5 min; GCMS (El, 70 eV), m/z 191 (100) (78) &)
206 (28) 144 (22) 207 (15) 288 (12) 274 (12) 148) (127 (10).
HRMS (ESI): m/z = 289.1473 [H,cO0,P,+H]", m/z (calc'd) =
289.1481, diff. = -2.77 ppm.

Isomer 26b-F3; White crystal, mp > 408C; Yield: 0.004 g (3%).
Rf = 0.11 (CHCYMeOH = 15:1)."H NMR (500 MHz, CDC}) 5
1.21-1.37 (m, 8H), 1.47 (dpy = 11.4 Hz, 6H), 1.79-1.86 (m,
4H), 1.92-1.99 (m, 4H), 2.36-2.42 (m, 4H)C NMR (126 MHz,

CDCL) § 5.3 (d,Jp.c = 65.4 Hz), 24.38-24.67 (m), 25.29-25.58

(m), 39.1 (ddJs.c= 66.3 Hz,Jp.c= 2.7 Hz).*'P NMR (202 MHz,
CDCly) 6 43.0. GC = 14.6 min; GCMS (El, 70 eV), m/z 191
(100) 81 (57) 79 (56) 273 (52) 206 (44) 207 (43% 184) 127
(26) 63 (20) 67 (20) 126 (18) 53 (17) 65 (17) 148)(77 (16)

288 (15) 80 (13) 54 (11). HRMS (ESI): m/z = 599.2695

[CagHs04P4+Na]", m/z (calc'd) = 599.2708, diff. = -2.17 ppm.

Isomer 26b-F4; White solid,mp = 257-258°C; Yield: 0.017 g
(13%). Rf = 0.10 (CHGIMeOH = 15:1)."H NMR (500 MHz,
CDCl) 6 1.18-1.35 (m, 5H), 1.35-1.42 (m, 2H), 1.38 gy =
11.0 Hz, 3H), 1.4 (dJe = 11.7 Hz, 3H), 1.42-1.52 (m, 2H),
1.78-1.86 (m, 2H), 1.86-1.98 (m, 6H), 2.35-2.46 (rhi).3"°C
NMR (126 MHz, CDC}) 6 4.9 (d,Jp.c= 62.7 Hz), 10.6 (dJp.c=
65.4 Hz), 23.7-24.0 (m), 25.0 (@h.c= 11.8 Hz), 25.3 (dJp.c=
11.8 HZ), 36.4 (dep_cz 64.5 HZ,JP_CZ 3.6 HZ), 39.1 (dJP-C:

(11) 63 (10) 64 (10). HRMS (ESI): m/z = 541.4312
[C3He20.P>+H]", m/z (calc'd) = 541.4298, diff. = 2.59 ppm.

4.3.23. Dicyclohexyl (i-propyl)phosphine oxide (28a)

The compound28a was prepared according to the general
procedure from-propyldiphenylphosphine oxide®) (0.081 g,
0.33 mmol), sodium (0.092 g, 12 equiv) arAArOH (0.298 mL,
12 equiv). Yield: 0.038 g (45%). White crystal, mpr$-81°C;

Rf = 0.40 (CHCYMeOH = 15:1)."H NMR (500 MHz, CDC}) 5
1.23 (ddJp.y= 14.2,34 4= 7.3 Hz, 6H), 1.22-1.32 (m, 6H), 1.39-
1.50 (m, 4H), 1.75 (dtyy = 2.9,3yn = 1.5 Hz, 2H), 1.82-1.91
(m, 5H), 1.92-1.99 (m, 4H), 2.07-2.16 (m, 2H}C NMR (126
MHz, CDCk) & 16.5 (d,Jp.c= 2.7 Hz), 24.4 (dJp.c= 60.9 Hz),
26.1 (d,Jp_C: 1.2 HZ), 26.4 (dJP-C: 2.7 HZ), 26.9 (de_cz 10.9
Hz), 35.5 (d Jp.c= 60.9 Hz) *P NMR (202 MHz, CDG)) 5 52.9.
GC = 9.9 min; GCMS (El, 70 eV), m/z 174 (100) 93 (92) 55
(74) 132 (52) 81 (43) 119 (32) 92 (32) 133 (32)(83) 175 (20)
201 (16) 113 (15) 63 (15) 213 (14) 79 (14) 67 (I3)(11) 91
(11) 173 (10). HRMS (ESI): m/z = 513.4004,§85:0,P,+H]",
m/z (calc'd) = 513.3985, diff. = 3.70 ppm.

4.3.24. Dicyclohexyl cycl opentyl phosphine oxide (29a)

The compound29a was prepared according to the general
procedure from cyclopentyldiphenylphosphine oxi@8) ((0.27
g, 1 mmol), sodium (0.276 g, 12 equiv) arRErOH (0.896 mL,
12 equiv). Yield: 0.065 g (23%)Colorless oil. Rf = 0.33
(CHCIy/MeOH = 15:1)."H NMR (500 MHz, CDC}) & 1.20-1.25
(m, 6H), 1.29-1.40 (m, 4H), 1.51-1.60 (m, 3H), 1.73, (BH),
1.78-1.88 (m, 9H), 1.94 (m, 4H), 2.02-2.08 (m, 1HZ NMR
(126 MHz, CDC}) 4 26.1, 26.3 (dJp.c= 8.2 Hz), 26.6 (dJp.c=
2.7 Hz), 26.7, 26.9 (dJp.c= 11.8 Hz), 33.9 (dJs.c= 64.5 Hz),
37.1 (d,Jp.c= 62.7 Hz) *'P NMR (202 MHz, CDG) § 53.9. GC
tr = 11.3 min; GCMS (EI, 70 eV), m/z 55 (100) 200 (9@R1
(90) 133 (89) 119 (86) 118 (49) 81 (46) 83 (39)(99) 67 (31)
159 (28) 214 (25) 145 (21) 201 (19) 199 (18) 69 (A8 (18) 82
(16) 113 (13) 51 (12) 227 (11) 241 (11) 117 (10).\HR(ESI):
m/z = 565.4307 [GHe0,P>+H]", m/z (calc'd) = 565.4298, diff.
=1.59 ppm.

4.3.25. 5,10-Dicyclopentyltetradecahydr ophosphanthrene 5,10-
dioxide (29b)

The four isomers of compourtbb was formed according to
the general procedure from cyclopentyldiphenylphasp oxide
(29) (0.27 g, 1 mmol), sodium (0.276 g, 12 equiv) &RfOH
(0.896 mL, 12 equiv). According tSP NMR spectrum, the total
yield of four isomers is 33%. The only one isonZ2b was



isolated in a yield of 5% and characterized. Whitgstal, mp =
353-355°C; Yield: 0.020 g (5%)Rf = 0.33 (CHCYMeOH =
15:1). '"H NMR (500 MHz, CDCJ) 8 1.17-1.27 (m, 4H), 1.47-
1.55 (m, 4H), 1.59-1.68 (m, 5H), 1.75-1.84 (m, 5HB711.84
(m, 4H), 1.96-2.10 (m, 9H), 2.12-2.24 (m, 5H), 2.38@2(m,
5H), 2.41-2.49 (m, 2H)*C NMR (126 MHz, CDGJ) § 25.3-25.6
(m), 25.7-26.0 (M), 28.6, 34.5 (&.c= 63.6 Hz), 40.5 (dJpc=
58.1 Hz).*'P NMR (202 MHz, CDG) § 45.5. GC = 16.0 min;
GCMS (El, 70 eV), m/z 327.10 (100.00) 246.05 (36.85)10
(30.46) 67.05 (26.22) 79.05 (22.98) 328.10 (20.22pK.10
(17.81) 69.05 (16.31) 247.00 (10.48) 113.05 (10.078.05
(10.07) 85.05 (9.88). HRMS (ESI): m/z 419.223
[C2Has0,P+Na]’, m/z (calc'd) = 419.2239, diff. = -0.48 ppm.

4.3.26. Di-n-butyl (3-methoxycycl ohexyl)phosphine oxide (30a)

9
(25) 159 (24) 162 (23) 133 (22) 175 (21) 111 (26)(20) 218
(18) 245 (17) 58 (12) 71 (11) 64 (10) 77 (10) 58)(IHRMS
(ESI): m/z = 275.2123 [GH3,0,P+H]", m/z (calc'd) = 275.2134,
diff. =-4.00 ppm.

4.3.28. Di-n-butyl (4-methyl cyclohexyl) phosphine oxide (32a)

The compound2a was prepared according to the following
general procedure from dibutyl(4-methylphenyl)phosphine
oxide 32) (0.076 g, 0.3 mmol), sodium (0.041 g, 6 equiwl &n
PrOH (0.137 mL, 6 equiv). Yield: 0.057 g (74%, as atore of
two isomers in a ratio of 1.7:1). Colorless oil. Rf 0.37

7 (CH,Cl,/MeOH = 15:1)."H NMR (500 MHz, CHLOROFORM-
d) 8 ppm 0.85-1.02 (m, 10H), 1.32-1.48 (m, 6H), 1.50-1(77
12H), 1.79-1.99 (m, 3H)*C NMR (126 MHz, CDC}) & (major
isomer) 13.7, 20.0 (dJp.c= 2.7 Hz), 22.6 (dJp.c= 1.8 Hz), 23.7

The compound0a was prepared according to the following (d, Jo.c = 4.5 Hz), 24.4 (dJp.c= 13.6 Hz), 25.3 (dJp.c= 63.7

general procedure from dibutyl(3-methoxyphenyl)phosphine
oxide 30) (0.081 g, 0.3 mmol), sodium (0.041 g, 6 equiwl &n
PrOH (0.137 mL, 6 equiv). Yield: 0.025 g (30%, as atme of
two isomers in a ratio of 6.16:1). Colorless oil. Rf0.27
(CH,CI,/MeOH = 15:1)."H NMR (500 MHz, CDCJ) & (major

HZ), 32.3 (d,\]p_cz 1.2 HZ), 35.0 (dJP—C: 12.7 HZ), 36.4 (CUP-C
= 66.3 Hz).*'P NMR (202 MHz, CDG)) & 51.6 (major isomer)
and 51.7 (minor isomer) (signals ratio 1.7:1). G&@j6r isomer)
tr=10.4 min; GCMS (El, 70 eV), m/z 78 (100) 120 (75)(61)
160 (34) 162 (31) 63 (29) 95 (24) 229 (23) 187 (22)(20) 202

isomer) 0.95 (t,Ju= 7.25 Hz, 6H), 1.12-1.38 (m, 4H), 1.39-1.47 (19) 174 (17) 121 (17) 92 (16) 133 (16) 105 (15B4) 107 (14)

(m, 4H), 1.54-1.73 (m, 8H), 1.79 (@.,= 13.2 Hz, 1H), 1.88 (d,
Jo.y= 12.0 Hz, 1H), 1.89-1.97 (m, 1H), 2.10-2.17 (m, 1H262
2.33 (m, 1H), 3.16 (s, 1H), 3.38 (s, 3HJC NMR (126 MHz,
CDCL) & 13.7, 23.6 (dJp.c= 3.6 Hz), 23.6 (dJp.c= 3.6 Hz),
24.4 (d,Jp.c= 1.8 Hz), 24.5 (dJp.c= 1.8 Hz), 24.8 (dJp.c= 14.5
HZ), 24.9 (d)‘]P-C: 2.7 HZ), 25.2 (dJP-C: 45 HZ), 25.7 (de_Cz
5.5 Hz), 30.9 (dJe.c= 1.8 Hz), 31.8, 35.6 (dlp.c = 66.3 Hz),

55.8, 79.2 (dJp.c= 14.5 Hz), signals for the minor isomer are

omitted for clarity.*P NMR (202 MHz, CDG) & 49.8 (major
isomer) and 51.3 (minor isomer) (signals ratio 6.1% GC

(major isomer) tg = 11.2 min; GCMS (El, 70 eV), m/z 78 (100)

79 (88) 120 (64) 81 (51) 55 (41) 63 (40) 121 (363 134) 147
(30) 162 (27) 146 (25) 243 (25) 161 (24) 105 (28)(23) 159
(22) 201 (20) 218 (19) 133 (18) 144 (18) 71 (16% 185) 189
(15) 245 (14) 187 (14) 57 (14) 160 (13) 107 (133 211) 188
(11) 83 (11) 53 (11) 145 (10) 203 (10) 64 (10) 110) 176 (10)
77 (10). (inor isomer) t= 11.9 min; GCMS (El, 70 eV), m/z 78
(100) 147 (99) 111 (86) 163 (73) 79 (70) 189 (69). 163) 133
(63) 81 (62) 55 (57) 120 (56) 63 (52) 105 (45) @4)(45 (43)
259 (40) 217 (33) 71 (26) 162 (25) 161 (24) 243) (248 (22)
107 (22) 175 (17) 203 (16) 245 (16) 201 (15) 77) @5 (15) 92
(15) 53 (15) 159 (14) 64 (14) 187 (12) 86 (11) 126) 213 (10)
112 (10) 57 (10) 49 (10). HRMS (ESI): m/z
[C1sH3:0,P+H]", m/z (calc'd) = 275.2134, diff. = 1.09 ppm.

4.3.27. Di-n-butyl (4-methoxycycl ohexyl ) phosphine oxide (31a)

The compoundBlawas prepared according to the following

general procedure from dHbutyl(4-methoxyphenyl)phosphine
oxide @1) (0.08 g, 0.3 mmol), sodium (0.041 g, 6 equiv) and
PrOH (0.137 mL, 6 equiv). Yield: 0.08 g (10%, as atomi of
two isomers in a ratio of 1:3.24Colorless oil. Rf = 0.39
(CH,Cl,/MeOH = 15:1)."H NMR (500 MHz, CDCJ) & (major

163 (12) 161 (12) 147 (12) 67 (11) 64 (10) 106 {1@)nor
isomer) tz = 10.3 min; GCMS (El, 70 eV), m/z 78 (100) 55 (74)
120 (72) 160 (35) 63 (35) 162 (33) 229 (31) 92 (2@ (22) 79
(20) 133 (19) 187 (18) 95 (17) 105 (16) 107 (16)84) 121 (15)
147 (15) 189 (14) 163 (13) 161 (12) 174 (12) 108 @4 (11) 67
(11) 145 (11) 97 (10). HRMS (ESI): m/z = 517.4304
[C30Hs20,P>+H]", m/z (calc'd) = 517.4298, diff. = 1.16 ppm.

4.3.29. Di-n-butyl(3,5-dimethyl cyclohexyl)phosphine oxide (33a)

The compoun®B3a was prepared according to the following
general procedure from dibutyl(3,5-dimethylphenyl)phosphine
oxide @33) (0.08 g, 0.3 mmol), sodium (0.041 g, 6 equiv) and
PrOH (0.137 mL, 6 equiv). Yield: 0.063 g (77%, as atore of
three isomers in a ratio of A:B:C = 1:1.7:2.0). Ctdss oil.

Isomer A. Colorless oil; Rf = 0.4 (CHCYMeOH = 15:1).'H
NMR (500 MHz, CDC})  0.89 (d,Ju.; = 6.31 Hz, 6H), 0.96 (t,
Jun = 7.10 Hz, 6H), 1.14-1.26 (m, 2H), 1.39-1.50 (m, 6H511
1.62 (m, 2H), 1.64-1.76 (m, 4H), 1.77-1.90 (m, 3HQ712.09
(m, 4H).°C NMR (126 MHz, CDC}) 5 13.7, 18.4, 22.9, 24.33
(d, ‘]P-C: 6.4 HZ), 24.4 (dJP-C: 16.4 HZ), 26.7 (de_cz 62.7
Hz), 28.7, 33.0 (dJp.c= 65.4 Hz), 33.8 (dJp.c= 2.7 Hz), 43.7.
¥p NMR (202 MHz, CDG)) § 54.2. GC 4= 8.7 min; GCMS (El,

275.213770 eV), m/z 189 (100) 120 (64) 92 (45) 109 (40) 189 216

(36) 174 (36) 243 (34) 147 (26) 163 (22) 134 (233 119) 107
(17) 201 (13) 121 (12) 106 (11) 161 (11) 190 (10y 210) 160
(10) 81 (10) 132 (10). HRMS (ESI): m/z = 545.4619
[C3HecO.P+H]", m/z (calc'd) = 545.4611, diff. = 1.47 ppm.

Isomer B. Colorless oil; Rf = 0.36 (CHCYMeOH = 15:1).1H
NMR (500 MHz, CDC}) 6 0.91 (d,Jy.; = 6.31 Hz, 3H), 0.95 (t,
Jyn = 7.30 Hz, 6H), 1.02 (dJp.4= 7.25 Hz, 3H), 1.16 (tdlp.y=
12.77, 4.73 Hz, 1H), 1.39-1.48 (m, 4H), 1.50-1.74 (@8&H),

isomer) 0.94 (t,Jy.u = 7.3 Hz, 6H), 1.37-1.48 (m, 6H), 1.54-1.72 1.80-1.91 (m, 1H), 2.01 (gfp.,= 12.85, 3.11 Hz, 1H), 2.14-2.21

(m, 12H), 2.04-2.13 (m, 3H) 3.31 (s, 3H), 3.49-3.54 {id). °C
NMR (126 MHz, CDC}) & (major isomer) 13.7, 19.6 (dJp.c=
1.8 Hz), 23.5 (dJp.c= 3.6 Hz), 24.5 (dJp.c= 13.5 Hz), 25.2 (d,
‘]P-C: 63.4 HZ), 29.5 (CUP-CZ 11.8 HZ), 36.7 (CUP-C= 66.5 HZ),
55.7 73.8.3'P NMR (202 MHz, CDG) & 50.5 (minor isomer)
and 50.6 (major isomer) (signals ratio 1:3.24). G@aj¢r

(m, 1H)."*C NMR (126 MHz, CDC}) & 13.7 17.7-18.4 (m) 22.8,
23.6 (d,Jp.c= 3.6 Hz), 23.7 (dJp.c= 4.5 Hz), 24.4 (dJp.c= 2.2
Hz), 24.5 (dJp.c= 1.8 Hz), 25.0 (dJp.c= 6.4 Hz), 25.5 (dJp.c=
6.4 Hz), 26.4 (dJp.c= 12.7 Hz), 27.6 (dJp.c= 12.7 Hz), 30.3 (d,
‘]P-C: 2.7 HZ), 30.8 (d,Jp_C: 67.2 HZ), 33.8 (dJP-C: 3.6 HZ),
40.1.*'P NMR (202 MHz, CDG) 6 51.5. GC ¢ = 9.1 min;

isomer) tz = 11.2 min; GCMS (El, 70 eV), m/z 78 (100) 79 (69) GCMS (EI, 70 eV), m/z 120 (100) 92 (50) 109 (47) 168) 174

120 (54) 121 (36) 81 (34) 243 (34) 55 (33) 159 B2)(31) 163
(31) 162 (22) 201 (21) 161 (15) 218 (12) 144 (133 111) 57
(10) 45 (10) 158 (10)nfinor isomer) t= 11.3 min; GCMS (El,
70 eV), m/z 78 (100) 120 (56) 79 (46) 217 (44) 5B) (243 (41)
81 (41) 63 (37) 203 (31) 163 (30) 259 (29) 121 (PG} (27) 201

(41) 147 (34) 243 (27) 133 (27) 121 (26) 216 (263 121) 201
(20) 189 (20) 105 (20) 188.05 (18) 107 (17) 91 (18§ (13) 134
(12) 161 (11) 132 (11) 118 (10). HRMS (ESI): m/z 732334
[C1¢H3:0P+H], m/z (calc'd) = 273.2342, diff. = -2.93 ppm.
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Isomer C. Colorless oil; R§ = 0.37 (CHCYMeOH = 15:1).
¥p NMR (202 MHz, CDG)) § 50.0 .GC ¢= 9.0 min; GCMS (El,
70 eV), m/z 120 (100) 174 (48) 162 (42) 243 (38) 23®) 109
(29) 121 (29) 188 (23) 163 (21) 92 (19) 133 (17y 106) 201
(15) 159 (13) 105 (13) 106 (12) 111 (10) 161 (HRMS (ESI):
m/z = 273.2335 [GHs,OP+H], m/z (calc'd) = 273.2342, diff. =
-2.56 ppm.

4.3.30. Dimethyl(1,2,3,4-tetr ahydr onaphthalen-1-yl ) phosphine
oxide (34a)

The compoun®B4a was prepared according to the following
general procedure from dimethyl(naphthalen-1-ylxgtone
oxide (34) (0.082 g, 0.4 mmol), sodium (0.041 g, 4 equiwl &n
PrOH (0.122 mL, 4 equiv). Yield: 0.040 g (48%). Whitgstal,
mp = 51-52C; Rf = 0.33 (CHCI,/MeOH = 15:1)."H NMR (500
MHz, CDCL) & 1.54 (d,Jp.y= 12.0 Hz, 6H), 1.69-1.81 (m, 1H),
2.08 (m, 1H), 2.23-2.31 (m, 1H), 2.82-3.11 (m, 4H},077.18
(m, 4H).®C NMR (126 MHz, CDC}) 6 13.5 (d,Jp.c= 7.3 Hz),
14.1 (dJp.c= 7.3 Hz), 22.5 (dJp.c= 2.7 Hz), 28.4, 29.1 (dp.c=
12.7 Hz), 36.2 (dJp.c= 71.8 Hz), 126.1, 126.2, 129.0, 134.5 (d,
Jp.c= 12.7 Hz,C") 135.8.%'P NMR (202 MHz, CDG) & 46.2 .
GC = 11.3 min; GCMS (El, 70 eV), m/z 130 (100) 129 (57)
115 (31) 128 (28) 131 (17) 91 (14) 127 (12) 208)(HRMS
(ESI): m/z = 417.2118 [GH3O.P-+H]", m/z (calc'd) =
417.2107, diff. = 2.64 ppm.

4.3.31. Di-n-butyl(1,2,3,4-tetrahydronaphthal en-1-yl)phosphine
oxide (35a)

The compound@5a was prepared according to the following
general procedure from dibutyl(naphthalen-1-yl)phosphine
oxide 35) (0.086 g, 0.3 mmol), sodium (0.028 g, 4 equiwl &n
PrOH (0.092 mL, 4 equiv). Yield: 0.037 g (42%)olorless oil;
Rf = 0.45 (CHCI,/MeOH = 15:1).*H NMR (500 MHz, CDC}) &
0.89 (dt,Jpy= 14.5, 7.3 Hz, 6H), 1.30-1.42 (m, 4H), 1.46-1.73
(m, 9H), 1.96-2.11 (m, 3H), 2.79 (.4= 5.4 Hz, 2H), 3.40-3.48
(m, 1H), 7.10-7.13 (m, 1H), 7.14-7.17 (m, 2H), 7.4537(m,
1H). °C NMR (126 MHz, CDCY) 5 13.6 (d,Jp.c= 1.8 Hz), 21.5
(d, Jp.c= 5.5 Hz), 23.6 (dJp.c= 4.5 Hz), 23.7 (dJp.c= 4.5 Hz),
23.9 (d,Jp.c= 1.9 Hz), 24.3 (dJp.c= 2.7 Hz), 24.4 (dJp.c= 2.7
Hz), 26.0 (dJp.c= 62.7 Hz), 26.7 (dJp.c= 63.6 Hz), 29.5 (dJpc
= 1.2 Hz), 38.4 (dJp.c= 60.0 Hz), 125.9 (dJp.c= 2.7 Hz), 126.5
(d, ‘]F’-C: 2.7 HZ), 129.5 (de_Cz 1.8 HZ), 129.8 (dJF’-C: 3.6
Hz), 131.9 (dJp.c= 5.5 Hz,C") 138.1 (d Jp.c= 5.5 Hz,C'"). *'P
NMR (202 MHz, CDC}J) 4 52.4. GC ¢ = 12.2 min; GCMS (ElI,
70 eV), m/z 131 (100) 130 (55) 78 (41) 91 (25) 12B) (163 (20)
129 (20) 115 (13) 236 (13) 292 (13) 63 (11) 132) (116 (10).
HRMS (ESI): m/z = 315.1840 [gH,,OP+NaJ, m/z (calc'd) =
315.1848, diff. = -2.54 ppm.
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