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ABSTRACT

Intramolecular cationic cyclization gfhydroxyalkylphosphine oxides in the presence oheid lead

to the formation of fused bicyclic compounds with iacorporated phosphorus atom. Depending on
the structure of the starting compound the fornmatib either phosphaindane or benzophosphorinane
oxides has been observed. The key difference imeetivity arises from the substitution pattern at

the carbinolic carbon atom pfhydroxyalkylphosphine oxide.
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1. Introduction

The synthesis of organophosphorus compounds withoaphorus atom incorporated into the cyclic
structure is always a synthetic challehpat, at the same time, these compounds have beed to

exhibit high selectivities as ligands in transitimetal catalysis (Figure f).

t-Bu \Ph
TangPhos 2

DuanPhos BeePhos
4 5 6

Figure 1. Examples of cyclic phosphine ligands
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The synthetic methods leading to cyclic phosphimecyrsors are mostly based on double
nucleophilic substitution of the phosphine dianiaith the appropriate dielectrophi&®? double
nucleophilic substitution with RPHalype compounds and bis-Grignard reagéhtsyicCormack
cyclization? ring-closing metathesisor intramolecular hydrophosphinatiéhe synthesis of cyclic
organophosphorus compounds possessing a fused teraimg is much less is developed. Both
DuanPhos4 and BeePho$ ligands were synthesized through double nuclemplsilibstitution
methodology of phosphine dianion BhRith the appropriate electroptifé whereas ligand was
prepared through double nucleophilic substitutianphosphorus using bis-Grignard reagent and
RPHal-type compound. Other methods for the synthesis of these compoimuiisde intramolecular
coupling reactiof}, ring-closing metathesisor electrophilic substitution at phosphotfissrom a
synthetic point of view, the most useful approazibased on intramolecular electrophilic cyclization
of alkenylphosphine derivatives (Schemé! Wyhere the arylphosphine derivatives possessing an
alkenyl substituent undergo protonation upon treatmwith a strong acid followed by an

intramolecular reaction of the formed cation witljegent aryl substituent.

9
INCN
Ph Polyphosphoric acid P

//\
. 180-200 °C, 4 h $ O Ph
37%

Scheme 1. Intramolecular cationic cyclizatiorvof

This method is operationally simple and could ptédly be used in the synthesis of a wide range of
fused organophosphorus ligand systems for usetalysé. The above reaction must proceed through

the formation of a carbocation which undergoesdization reaction (Scheme 2).

9 1. Base (H) OH
2. CH;CHO
Ph Ph P

Scheme 2. Probable cyclization mechanism anhd11

If this mechanism is true, the carbocati®rncould be more conveniently obtained from fhe
hydroxyalkylphosphine oxidél1 (Scheme 2). A treatment of this molecule withrargg acid should
similarly lead to the catioB. The oxidell is easily available from methylphosphine oxiiand

acetaldehyde. Regarding the availability of botfboayl compounds and methylphosphine oxides it
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is easy to conclude thg-hydroxyalkylphosphine oxides could be regardedvasy convenient
substrates for the synthesis of fused systemsindtbrporated phosphorus atoms. Herein, our results

concerning the use gthydroxyalkylphosphine oxides in the cationic cyation are presented.

2. Results and discussion

The problem of acidic cyclization @gfhydroxyalkylphosphine oxides has never been aestilgf a
detailed investigation although some precedentbeafound in the literaturé.For test reactiong-
hydroxyalkylphosphine oxides derived from dimettgdpylphosphine oxidé3 have been chosen
(Scheme 3, Table 1). The choiceld® has been rationalized by the relatively easy acteshe non-
racemic P-stereogenic adduct using sparteine chgiiialthough it should be pointed out that this

approach is effective only with phosphine-borarnes ghosphine sulfides.

C 1. n-BuLi (1.0) O OH
2. RCHO or RR'C(O) (1.5)

P P.
> Me - . \\/k\R.
Me THF, -78 °C - rt, 110 min Me R

13 14-34

Scheme 3. Synthesis of substrates for cyclization

Table 1. Synthesis of substrates for cyclization

Substituents
Entry Product Yields (%) (dr)
R R'
1 Me H 14 86 (53:47)
2 Ph H 15 86 (54.4:45.5)
3 i-Pr H 16 83 (52.5:47.5)
4 t-Bu H 17 85 (58:42)
5 Et H 18 75 (54:46)
6 c-Hex H 19 97 (53:47)
7 Me Me 20 89
8 n-Bu Me 21 76 (56:44)
9 n-Pr Me 22 85 (52:48)
10 Ph Me 23 92 (66.5:33.5)
11 i-Pr Me 24 87 (55.5:44.5)
12 Et Me 25 77 (53.5:46.5)
13 t-Bu Me 26 80 (60:40)
14  t-BuCH, Me 27 83 (91:9)
15 Ph Ph 28 84
16 n-Bu n-Bu 29 82



17 i-Pr i-Pr 30 60

18 Et Et 31 75
19 -(CH)s 32 71
20 -(CH)s- 33 76
21 -(CH)e- 34 90

A reaction of phosphine oxid&3 with carbonyl compounds in the presence of bafwded the
corresponding productisd-34 with high yields. In the case of aldehydes and/ommsetrical ketones a
mixtures of diastereomers have been obtained (Tabl&ntries 1-6, 8-14) but, generally, the
diastereoselectivity of the addition was low. Atstipoint, the relative configuration of the major

diastereomers was not established.

In order to develop the mildest conditions for ttyelization reaction, an optimization of the

reaction conditions has been undertaken @ftls the model compound (Scheme 4, Table 2).

9 Me (H) Me
R%Me P\
G gE
C OH
N P\%Me Conditions 35 36
| Me Me
> Me

20a

Scheme 4. Optimization of the reaction conditions

Table 2. Optimization of the reaction conditions

Entry Conditions Products

1 BR-OEL (1.5), DCE, reflux, 4 h 35 (20%),36€ (55%)

2 AcOH, rt, 4 h No reaction

3 AcOH, reflux, 4 h No reaction

4 HBF; (1.0), DCM, -78-0 0C, 4.5 h No reaction

5 HBF, (1.0), DCM, rt, 4 h No reaction

6 HBF, (3.0), DCE, reflux, 4 h 35 (63%),36 (23%)

7 TFA, 45°C, 4 h 36 (47%)

8 HsPQ, (85%), 120°C, 4 h 35 (65%),3€ (24%),20¢ (5%)
9 HsPO, (85%), 170°C, 5 h 20a (72%)

It appeared that conditions similar to those regmpreviously’ are optimal for cyclization of-
hydroxyalkylphosphine oxides (Table 2, Entry 9).eThse of other Brgnstedt acids was either
inefficient (AcOH) or led to dehydration of subsadHBF,, TFA).

4



At first, B-hydroxyalkylphosphine oxides obtained from aldedg/dhave been subjected to cationic
cyclization (Scheme 5, Table 3).

9 OH
H3PO, (85%
F\’ R' +()> Products
Me H 170°C,5h
14-19

Scheme 5. Cyclization df4-19.

Table 3. Cyclization 014-19.

Entry Substrate Products

(o] (0]
P P
1*  14(R=Me, R'= H) @fpg T e

14a (81)°° (34)%¢  14b (8)" 14c (5)°
2 15(R=Ph, R'=H) Complex micture
3 16 (R=i-Pr, R'=H) ©\)j/
O Me O Me
16a (88)° (86)° 16b (12)° (12)°®
Me Me
4 17 (R=t-Bu, R'=H) @fﬁ/ @f}
o Me
17a (93)"° (79)%° 17b
Me
5 18(R=Et, R'=H) Cfpj
o “Me
18a (100)® (40)*®
6 18 (R=c-Hex, R'=H) Traces of the product

[a] The reaction took 72 h. After 5 h the produatia was:14a (15%),14b (77%),14c (8%). [b] Conversion based dtP NMR spectrum of
the crude mixture. [c] Yields of the products isethas mixtures with other compounds. [d] Yieldgpofe compounds. [e] Isolated as a

mixture of diastereomers.

Attempted cationic cyclization of compounti4-19 revealed that the reaction pathway observed for
20 is followed only in the case of addubt. Phosphine oxide derived from acetaldehyde unddrwe
cyclization to a very limited extent under the deped reaction conditions and the main products
were 14b and 14c after heating the mixture for 5 h (Table 3, Ent)y Prolonged heating df4 in
phosphoric acid was needed to achieve the desiyetization product as a mixture of two
diastereomers. This result might be the consequehtiee lower stability of secondary carbocation

generated by removal of the water molecule.



On the other hand, compounds6-18 derived from isobutyraldehyde, pivalaldehyde or
propionaldehyde readily underwent cyclization regcbut the main or even only products were not
phosphaindane oxides but benzophosphorinane ogilesl7a and 18b, all formed as mixtures of
diastereomers (Table 3, Entries 3-5). The formabbrthese products must therefore involve the
rearrangement of the initial carbocation. As itlddee judged from the data presented in the Taple 3
the rearrangement might involve the transfer diezithydride {6b, 183 or alkyl group 16¢ 173
17b).

Following the research course, adduis?7 derived from methyl ketones have been subjected to

the cyclization reaction (Scheme 6, Table 4).

P H3PO, (85%)

5 Products
170°C,5h

Scheme 6. Cyclization of compourn2is27.

Table 4. Cyclization of compoun@§-27.

Entry Substrate Products
M
€ _Me
1 20 (R= Me, R'= Me) P
(/)’ Me
20a (100)? (74)°
-B n-Pr
/F\ /P
o Me S e
. 21a (13)*¢ 21b (45)*9
2 21(R=n-Bu, R'= Me) 209 “
n-Pr, Me 9 Me
O oy
R O,
O Me
21c (10)*¢ 21d (32)24
n-Pr Et
Me Me
/l/)\ /P
o Me o \Me
22a (3)*¢ 22b (36)*¢
3  22(R=n-Pr, R'=Me)
Et Me 0 Me
SORNSE
R OH
O Me
22¢ (3)*¢ 22d (58)*¢
4  23(R=Ph, R'=Me) Complex reaction mixture
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[a] Conversion based 6P NMR of the crude mixture. [b] Yields of the pratisiisolated as mixtures with other compoundsYje]ds of

pure compounds. [d] A mixture of diastereomers.

A screen of the products derived from methyl ketorevealed that onl20 undergoes cyclization
towards phosphaindane. The outcome in the casempaunds21-27 depended on the structure of
the substrates around the carbinolic carbon atmmp@unds with long alkyl substituents at this atom
(21 and22) afforded complex mixtures consisting of isometicohols21d and22d as major products
along with some diastereomeric benzophosphorinatge® @1b, 21c 22b and 229 and trace
amounts of phosphaindane oxiddsaand22a Adducts with shorter or branched alkyl groupshat
carbinolic carbon atom underwent preferentiallyeaclusively cyclization to benzophosphorinane
oxides (Table 4, Entries 5-7). Attempted cyclizatad adduc3 with a phenyl group at the carbinolic
atom afforded a complex reaction mixture (TableEAiry 4) whereas addu@7 with a neopentyl
group at the same carbon atom underwent isobutéménation prior to cyclization into the

phosphaindane core (Table 4, Entry 8).

Finally, a set of adduct28-34 derived from symmetrical ketones other than aeetbas been

subjected to cyclization reaction (Scheme 7, Tahle

p. H3PO, (85%)

PR > Products
Me R 170 °C,5h

Scheme 7. Cyclization of compounziz34.

Table 5. Cyclization of compoun@8-34.

Entry Substrate Products
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[a] Conversion based 6P NMR spectrum of the crude mixture. [b] Yieldstio& products isolated as mixtures with other compsu[c]

Yields of pure compounds. [d] A mixture of diastareers.

Under the standard reaction conditions compo2@&dinderwent intramolecular cyclization to the
corresponding fluoren28a albeit with low yield (Table 5, Entry 1). The addwaerived from dibutyl
ketone afforded mainly the isomeric alcot®8d but the one derived from 3-pentanone afforded
preferentially a mixture of two benzophosphorinaB&k and31c where the latter is formed through
ethyl group migration (Table 5, Entry 4). The addderived from diisopropyl ketone afforded
benzophosphorinane oxid®®a albeit in low yield (Table 4, Entry 3). Interesily, adducts derived



from cyclic ketones like cyclopentanone or cyclamne (but not cycloheptanone) afforded tricyclic

products as mixtures of isomers (Table 5, Entriaad6).

The results presented so far show the generalivitacpathway for the transformation di-
hydroxyalkyl(phenyl)phosphine oxides in acidic nesedit was therefore interesting to find the

behaviour of other phosphine oxides possessingrdift substituents at phosphorus (Scheme 8).

Me
_HaPO,(85%) @&
Me
©/ R Me 170 "c 5h
37 (R =Ph) 37a(79 %)

38 (R = t-Bu) 38a (61%)
Me_ Me
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0,
©/ Me 170°C, 24h R

O R
39 (R = Ph) 39a (62 %)
40 (R = t-Bu) 40a (93%)

O Me
i H3PO4 (85%) ‘
p%\Me 170°C, 24 h e

Me me ' P
ZA)

0 Me
41a 91% (76%)

Me Me
1 _ HsPO, (85%) Et P=0 Me P\
K\( 170°C, 24 h

42a (12%) (25% de) 42b (14%)
Scheme 8. Cyclization of phosphine oxi@&s42.

It appeared that the developed method could bendete to other tertiary phosphine oxides
possessing at least one aryl substituent at phasph&€ompounds37 and 39 with two phenyl
substituents at phosphorus afforded either phosghae oxid&7aor benzophosphorinane oxi@8a
with good yields. Similarly, phosphine oxid@8 and40 possessing a bulkybutyl group underwent
clean formation of fused bicyclic systeri8a and 40a respectively. An interesting issue was the
reaction of compound$l and42 possessing a 1-naphthyl moiety. In the casélpthe formation of
tricyclic phosphadihydrophenaledda as the sole product has been observed. This ssggjest the
carbocation tends to undergo cyclization with tigtasht naphthalene fragment instead of the adjacent
ortho carbon atom. Phosphine oxid2 on the other hand, underwent competitive fornmatid
tricyclic 42a and 42b. Here, the competition betweenegdo-trig (processing through alkyl group

migration) and 7endo-trig processes (processing through proton migratioayidently seen.

Regarding the results presented above, the formafiphosphaindane core could be attributed to a 5-
endo-trig process and the formation of benzophosphorinarge Gendo-trig process. Unfortunately,
Baldwin’s rules* cannot be applied to cationic cyclization reactidrere no such generalization could

be madé?® Nevertheless, phosphaindane is the main produgtinncases where the intermediary



carbocation cannot undergo any rearrangement.hier @ases the main or even the only product will

be benzophospholane. This is extremely well sed¢ineiitase of compourith (Scheme 9).

@ff@ff

H
cyclization

0o Me
25a
traces

9 OH 9 Me

F\’%\/ e HPOs F\’VGDK/MQ
Me Me Me Me Me

25 44

rearrangement J
Me

@ o Me
cyclization

H y F\’VK/Me

Pz Me @

O Me O Me 47
16b
main product

Scheme 8. Rearrangement-cyclizatior2f

Protonation of this substrate should afford cad@which loses water molecule yielding the cation
44. The most obvious step here would be cyclizatmnation45 followed by rearomatization which
should lead to phosphaindagBa This proces, however, is marginal and the madctien pathway
leads through a rearrangement of tertiary cadibimto secondary (!) catioA7 which then undergoes
cyclization into 48 which upon rearomatization provides benzophospieoli6bb. There must
undoubtedly be an energy increase due to the famaf the less stable secondary carbocation but
this reaction pathway still prevails over the fotima of 25a A detailed mechanism of the cationic

cyclization is currently underway in our laboratory
3. Conclusions

In conclusion, we have described the intramolecuationic cyclization of a series df-
hydroxyalkylphosphine oxides. Depending on thecstme, the formation of either the phosphaindane
or the benzophosphorinane skeleton has been obsefhe formation of the latter proceeds with
rearrangement of the initial tertiary carbocatioioipto the cyclization step. The crucial elemehthe
selectivity of this transformation is the substiiat pattern at the carbinolic carbon atom. The
formation of the benzophospholane core proceedsudir a 6endo-trig process, compared to a 5-
endo-trig cyclization observed for the phosphaindane frammew®he parent carbocation would
preferentially undergo a rearrangement-cyclizateeqguence for compounds with branched or

moderately long (2-3 carbon atom chain) alkyl silbstts at carbinolic carbon atom.

4. Experimental section

4.1. General informations
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All reactions were performed under an argon atmesphsing Schlenk techniques. Only dry solvents
were used, and the glassware was heated undermaouor to use. Solvents for chromatography
were distilled once before use, and solvents fdraeion were used as received. Tetrahydrofurane
and diethyl ether were dried over sodium/benzopheretyl.n-BuLi was commercially available and
used as received.

Analytics and Instruments. The NMR spectra was recorded with Bruker Ascen@0(9MHz)
spectrometer in CDglas a solvent at room temperature unless othematsd. Chemical shiftd)

are reported in ppm relative to residual solvemtkpdlass spectra were recorded with Shimadzu GC-
MS QP2010S spectrometer working in electron iomrafEl) mode with Phenomenex Zebron ZB-
20HT INFERNO column using following parameters: ga@e 65 kPa, total flow 33.9 mL/min,
column flow 1.0 mL/min, linear velocity 36.8 cm/split 30, temperature program (80 °C hold 0.5
min, 80—-340 °C/19 °C/min hold 2 min, 300-340 °CfC3min hold 3.26 min total 20 min). Thin layer
chromatography (TLC) was performed with precoaidasgel plates and visualized by UV light or
KMnO, solution or iodide on silica gel. The reaction tuies were purified by column
chromatography over silica gel (60—-240 mesh). Mglpoints were determined in a capillary tube and
were uncorrected.

The starting compound dimethylphenylphosphine oxid,'® methyldiphenylphosphine oxitleand

tert-butylmethylphenylphosphine oxidevere prepared according to the literature proaesiur

4.2. General Procedure A for the synthesis ¢¥-hydroxyalkylphosphine oxides 14-34, 37-42

In a flame-dried Schlenk tube (50 mL) equipped vithgnetic stirrer and inert gas inlet was placed
methylphosphine oxide (1.0 mmol) in THF (5 mL). Thexture was cooled to —78 °C (dry ice-
acetone) and n-BuLi (1.0 mmol, 1.6 M in hexane) wdded. After the orange mixture was stirred for
50 min at —78 °C, aldehyde or ketone (1.5 mmol) a@ded until no colour remained. Reaction was
allowed to warm to room temperature and was stifogdl hour. The reaction was quenched by
addition of saturated NJ&I solution (10 mL) and extracted with DCM (3x20 mOhe combined
organic phases were dried over MgSfitered, and evaporated under reduced pres3ine residue
was purified by flash column chromatography usingD&t/MeOH (v/v = 9:1) or Hexane/CH4}
PrOH (v/v = 10:1:1) as eluent.

4.2.1. (2-Hydroxypropyl)methyl phenyl phosphine oxide (14). This compound was prepared according
to General Procedure A from dimethylphenylphosphiméde 13 (0.300 g, 1.9 mmol) and
acetaldehyde (0.129 g, 2.9 mmol) as a pale yellibwyield 0.335 g (86%). Isolated as a mixture of
diastereomers (dr = 53:47).

Major diastereomer: R; (ACOEt/MeOH 9:1) 0.29) (500 MHz, CDC}) 1.20 (3H, dd,J 6.1 Hz,J1.7
Hz), 1.77 (3H, dJ 13.2 Hz), 1.94-1.99 (1H, m), 2.15-2.20 (1H, m)23(3H, bs), 4.24-4.35 (1H, m),
7.44-7.56 (3H, m), 7.65-7.74 (2H, nd); (126 MHz, CDCJ) 17.5 (d,J 69.9 Hz), 25.1 (dJ 9.1 Hz),
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40.3 (d,J 8.2 Hz), 62.8 (dJ 5.4 Hz), 128.7 (dJ 11.8 Hz), 129.8 (dJ 9.1 Hz), 131.8 (dJ 2.7 Hz),
133.1 (d,J 96.3 Hz);dp (202 MHz, CDCJ) 39.34; GCig = 8.05 min; GC-MS (El, 70 eV) m/z=183
(22), 180 (M-HO) (3), 154 (66), 141 (14), 140 (32), 139 (100)5 {23), 92 (20), 91 (80%).

Minor diastereomer: R; (ACOEt/MeOH 9:1) 0.29) (500 MHz, CDCY) 1.28 (3H, dd,J6.0 Hz,J 1.6
Hz), 1.77 (3H, dJ 13.2 Hz), 2.01-2.08 (1H, m), 2.11-2.15 (1H, m)344.24 (1H, m), 4.73 (1H, bs),
7.45-7.55 (3H, m), 7.66-7.73 (3H, nd); (126 MHz, CDC})) 16.5 (d,J 69.9 Hz), 24.9 (dJ 9.1 Hz),
39.9 (d,J 69.0 Hz), 63.3 (dJ 4.5 Hz), 128.7 (d) 11.8 Hz), 129.6 (d] 10.0 Hz), 131.8 (d) 2.7 Hz),
133.6 (d,J 97.2 Hz);dc (202 MHz, CDC}) 38.92; GCtgr = 7.97 min; GC-MS (El, 70 eV) m/z=183
(23), 180 (M-HO) (3), 154 (66), 141 (15), 140 (36), 139 (100% 126), 92 (20), 91 (80%);

v max (ATR) for a mixture of diastereomers: 3296, 303964, 2897, 1652, 1436, 1294, 1148,
1109,1068, 1024, 936, 894, 809, 740, 693, 506, 435,

4.2.2. (2-Hydroxy-2-phenylethyl)methylphenyl phosphine oxide (15). This compound was prepared
according to General Procedure A from dimethylphgmysphine oxidel(3) (0.464 g, 3.0 mmol) and
benzaldehyde (0.479 g, 4.52 mmol) as a white sgleld 0.672 g (86%). Isolated as a mixture of
diastereomers (dr = 54.5:45.5).

Major diastereomer: Ry (AcOEt/MeOH 9:1) 0.53; (500 MHz, CD£I11.82 (3H, d,J 12.9 Hz),
2.19-2.31 (2H, m), 4.63 (1H, bs), 5.25-5.35 (1H, MP2-7.27 (1H, m), 7.29-7.36 (3H, m),
7.37-7.41 (1H, m), 7.44-7.61 (3H, m), 7.66-7.79 ,(B1); oc (126 MHz, CDC}) 16.4 (d,J 70.0 Hz),
41.1 (d,J 10.9 Hz), 69.5 (dJ 4.5 Hz), 125.5, 127.7, 128.5, 128.7 Jd11.8 Hz), 129.6 (d) 9.1 Hz),
131.9 (d,J 2.7 Hz), 133.6 (dJ 98.1 Hz), 143.8 (d) 11.8 Hz);0r (202 MHz, CDC}) 38.42; GCty =
12.99 min; GC-MS (El, 70 eV) m/z=260 {(M1), 242 (M-H,0) (14), 241 (13), 164 (12), 154 (100),
140 (57), 139 (64), 125 (36), 121 (12), 105 (192)(21), 91 (80), 78 (20), 77 (66), 51 (33), 50 (K1)
(21%).

Minor diastereomer: R (ACOEt/MeOH 9:1) 0.53py (500 MHz, CDC}) 1.79 (3H, d,J 13.2 Hz),
2.42-2.52 (2H, m), 4.63 (1H, bs), 5.06-5.19 (1H, MP2-7.27 (1H, m), 7.29-7.36 (3H, m),
7.37-7.41 (1H, m), 7.44-7.61 (3H, m), 7.66-7.79 ,(&t); 6y, (126 MHz, CDC}) 17.7 (d,J 70.0 Hz),
40.6 (d,J 10.9 Hz), 69.0 (dJ 4.5 Hz), 125.4, 127.6, 128.5, 128.9 Jd,1.8 Hz), 129.9 (d) 10.0 Hz),
131.9 (d,J 2.7 Hz), 133.1 (dJ 96.3 Hz), 144.1 (d) 13.6 Hz);0r (202 MHz, CDC})) 39.02; GCtr =
12.88 min; GC-MS (El, 70 eV) m/z=260 {(M(1), 242 (M-H,0) (7), 241 (11), 165 (11), 154 (100),
140 (55), 139 (54), 125 (34), 121 (10), 92 (21)(81), 78 (16), 77 (47), 51 (22), 47 (21%);

v max (ATR) for a mixture of diastereomers: 3241, 30803, 2854, 1588, 1487, 1435, 1347, 1294,
1228, 1160, 1114, 1080, 1059, 1025, 986, 882, 879, 739, 694, 513, 481, 443.
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4.2.3. (2-Hydroxy-3-methylbutyl)methyl phenylphosphine oxide (16). This compound was prepared
according to General Procedure A from dimethylph@mysphine oxid¢13) (0.326 g, 2.1 mmol) and
isobutyraldehyde (0.228 g, 3.17 mmol); yield of tdiastereomers 0.395 g, (83%), (dr = 52.5:47.5).

Major diastereomer: Yield 45% (0.182 g, 38% isolated as a pure comgyjunhite solid; mp 90.3—
92.1 °C; [Found C, 63.68; H, 8.50,H8:40,P requires C, 63.70; H, 8.46%% (Hexane/CHGi-
PrOH 5:1:1) 0.52y max (ATR) 3236, 2948, 2910, 2866, 1436, 1382, 13286, 1221, 1169, 1114,
1093, 1036, 887, 694, 689, 553, 507, 477, 448500 MHz, CDC}) 0.86 (3H, d,J 6.6 Hz), 0.87 (6H,
d, J 3.8 Hz), 1.59-1.70 (1H, m), 1.78 (3H, #13.6 Hz), 1.88-1.97 (1H, m), 2.00-2.11 (1H, m),
3.75-3.83 (1H, m), 4.52 (1H, bs), 7.43-7.53 (3H, MP6-7.73 (2H, m))c (126 MHz, CDC}) 17.3,
17.6 (d,J 69.9 Hz), 17.8, 34.6 (d 11.8 Hz), 34.9 (d) 70.8 Hz), 70.8 (dJ 5.4 Hz), 128.6 (dJ 11.8
Hz), 129.7 (dJ 9.1 Hz), 131.6 (dJ 2.7 Hz), 133.5 (dJ) 96.3 Hz);0r (202 MHz, CDC}) 40.27; GCr

= 9.89 min; GC-MS (El, 70 eM)Vz=208 (M'-H,0) (3), 183 (72), 154 (12), 140 (37), 139 (100% 12
(18), 91 (29), 77 (26), 47 (16%).

Minor diastereomer: Yield 37% (0.140 g, 29% isolated as a pure comgyunolorless oil; R
(Hexane/CHGi-PrOH 5:1:1) 0.42; [Found C, 63.92; H, 8.71,,K;O,P requires C, 63.70; H,
8.46%];v max (ATR) 3308, 2969, 2902, 2859,1437, 1359, 12287, 1158, 1118, 1071, 1019, 965,
890, 740, 693, 668, 519, 490, 460, 437(500 MHz, CDC}) 0.90 (3H, dJ 6.9 Hz), 0.94 (6H, dJ
6.9 Hz), 1.69-1.76 (1H, m), 1.78 (3H,H12.9 Hz), 1.94-2.12 (2H, m), 3.87-3.96 (1H, m)64(0H,
bs), 7.46-7.56 (3H, m), 7.67-7.75 (2H, @y;(126 MHz, CDC}) 16.1 (d,J 69.9 Hz), 17.5, 17.9, 34.6
(d,J11.8 Hz), 34.9 (dJ 69.9 Hz), 71.6 (dJ 5.4 Hz), 128.7 (dJ 11.8 Hz), 129.6 (d) 10.0 Hz), 131.8
(d,J 2.7 Hz), 133.8 (dJ 97.2 Hz);0pr (202 MHz, CDC}) 40.14; GCtr = 10.04 min; GC-MS (El, 70
eV) m'z=208 (M'-H,0) (4), 183 (75), 154 (12), 140 (32), 139 (100)5 124), 91 (28), 77 (23), 47
(14%). Analytical data are in accordance with theg®rted in the literaturg.

4.2.4. (2-Hydroxy-3,3-dimethyl butyl)methyl phenyl phosphine oxide (17). This compound was prepared
according to General Procedure A from dimethylply@mysphine oxide1(3) (0.295 g, 1.92 mmol)
and pivalaldehyde (0.247 g, 2.87 mmol); yield obtthastereomers 0.388 g (84%), (dr = 58:42).

Major diastereomer: Yield 53% (0.215 g, 47% isolated as a pure comg@uwhite solid; mp 137—
138.1 °C;R; (Hexane/CHGJi-PrOH 5:1:1) 0.58; [Found C, 65.01; H, 8.844H;,0,P requires C,
64.98; H, 8.81%]y max (ATR) 3277, 2952, 2867, 1476, 1438, 1361, 13286, 1229, 1168, 1114,
1069, 1013, 884, 823, 743, 695, 654, 493, 431500 MHz, CDC}) 0.83 (9H, s), 1.78 (3H, d,13.2
Hz), 1.95-2.07 (2H, m), 3.58-3.64 (1H, m), 4.30 (bd), 7.46-7.55 (3H, m), 7.68-7.73 (2H, @Y;
(126 MHz, CDC}) 17.9 (d,J 69.9 Hz), 25.3, 32.9 (d,70.8 Hz), 35.1 (d 11.8 Hz), 73.9 (d] 5.5 Hz),
128.7 (d,J 10.9 Hz), 129.9 (dJ 9.1 Hz), 131.7 (dJ 2.7 Hz), 133.4 (dJ 95.4 Hz);dp (202 MHz,
CDCl;) 40.67; GQr = 9.92 min; GC-MS (El, 70 eV) m/z=183 (93), 14@)3L39 (100), 125 (13), 91
(23), 77 (20), 47 (14%).
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Minor diastereomer: Yield 32% (0.077 g, 17% isolated as a pure comg@uwhite solid; mp 123.4—
124.4 °C;Rs (Hexane/CHGi-PrOH 5:1:1) 0.50; [Found C, 64.95; H, 8.773H;,0,P requires C,
64.98; H, 8.81%]y max (ATR) 3244, 2953, 2866, 1477, 1434, 1361, 12938, 1149, 1139, 1108,
1066, 1013, 906, 873, 827, 740, 691, 554, 493, 42{%00 MHz, CDC}) 0.91 (9H, s), 1.79 (3H, 4,
12.6 Hz), 1.97-2.03 (2H, m), 3.79-3.85 (1H, m),14(QH, bs), 7.47-7.56 (3H, m), 7.69-7.75 (2H,
m); oc (126 MHz, CDC}) 15.8 (d,J 70.8 Hz), 25.34, 33.2 (d,70.8 Hz), 35.2 (dJ 11.8 Hz), 74.5 (d,
J5.4 Hz), 128.7 (dJ 11.8 Hz), 129.6 (d) 10.0 Hz), 131.8 (d] 2.7 Hz), 133.9 (dJ 97.2 Hz);0r (202
MHz, CDCk) 40.42; GQtg = 10.11 min; GC-MS (El, 70 eV) m/z=183 (95), 182), 139 (100), 125
(13), 91 (22), 77 (20), 47 (13%).

4.2.5. (2-Hydroxybutyl)methyl phenyl phosphine oxide (18). This compound was prepared according to
General Procedure A from dimethylphenylphosphinedex@13) (0.335 g, 2.17 mmol) and
propionaldehyde (0.189 g, 3.26 mmol); yield of tastereomers 0.346 g (75%), (dr = 54:46).

Major diastereomer: Yield 46% (0.187 g, 41% isolated as a pure compucolorless oil;Rs
(AcOEt/MeOH 9:1) 0.32; [Found C, 62.48; H, 8.3%:H;-0,P requires C, 62.25; H, 8.31%]; (500
MHz, CDCk) 0.87 (3H, tJ 7.4 Hz), 1.37-1.50 (1H, m), 1.50-1.61 (1H, m), 1(381, d,J 12.3 Hz),
1.92-2.03 (1H, m), 2.05-2.17 (1H, m), 3.86-3.98 ,(H), 4.54 (1H, bs), 7.42-7.58 (3H, m),
7.64-7.77 (2H, m)jc (126 MHz, CDC}) 9.5, 17.7 (dJ 69.0 Hz), 31.6 (d) 13.6 Hz), 37.8 (dJ 67.2
Hz), 67.7 (dJ 5.4 Hz), 128.7 (dJ 10.9 Hz), 129.9 (d) 9.1 Hz), 131.7 (d) 2.7 Hz), 133.4 (dJ 96.3
Hz); 6p (202 MHz, CDC}) 39.53; GQr = 9.70 min; GC-MS (El, 70 eV) m/z=194 (MH,0) (4), 183
(58), 154 (23), 140 (36), 139 (100), 125 (18), 8@)( 91 (45%).

Minor diastereomer: Yield 30% (0.109 g, 24% isolated as a pure compduwhite solid; mp 106.4—
108.2 °C;R (AcOEt/MeOH 9:1) 0.26; [Found C, 62.28; H, 9.0L4,H;,0,P requires C, 62.25; H,
8.31%)];v max (ATR) 3307, 2968, 2923, 1437, 1358, 1291, 123%8, 1117, 1071, 1025, 1018, 965,
890, 739, 693, 667, 518, 491, 460, 486{500 MHz, CDC}) 0.90 (3H, tJ 7.6 Hz), 1.43-1.65 (2H,
m), 1.76 (3H, dJ 12.9 Hz), 1.95-2.16 (2H, m), 3.96-4.09 (1H, m),14(2H, bs), 7.42-7.56 (3H, m),
7.62-7.76 (2H, m)oc (126 MHz, CDC}) 9.6, 16.4 (dJ 69.9 Hz), 31.5 (dJ) 12.7 Hz), 37.8 (dJ) 69.9
Hz), 68.4 (dJ 5.4 Hz), 128.7 (d) 11.8 Hz), 129.6 (d] 10.0 Hz), 131.8 (dj 2.7 Hz), 133.8 (dJ 97.2
Hz); 5 (202 MHz, CDC}) 39.16; GQx = 9.84 min; GC-MS (EI, 70 eV) m/z=194 {MH;0) (7), 183
(54), 154 (26), 140 (35), 139 (100), 125 (16), 8P)( 91 (46) 77 (29), 51 (12), 47 (17%).

4.2.6. (2-Cyclohexyl - 2-hydroxyethyl)methyl phenyl phosphine oxide (19). This compound was prepared
according to General Procedure A from dimethylph@mysphine oxide13) (0.317 g, 2.1 mmol) and
cyclohexanal (0.346 g, 3.09 mmol); yield of twosdexeomers 0.530 g (97%), (dr = 53:47).

Major diastereomer: Yield 50% (0.105 g, 19% isolated as a pure compduwhite solid; mp 102.8—
104.2 °C;Rs (Hexane/CHGi-PrOH 5:1:1) 0.62; [Found C, 67.78; H, 8.8145H3s0,P requires C,
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67.65; H, 8.70%]y max (ATR) 3266, 2912, 2850, 1436, 1286, 1165, 11061, 989, 882, 742, 689,
580, 487, 4305, (500 MHz, CDCJ) 0.87-1.01 (2H, m), 1.02-1.16 (3H, m), 1.27-1.361,(m),
1.56-1.65 (2H, m), 1.66-1.76 (3H, m), 1.78 (3H,Jd;3.2 Hz), 1.94-2.01 (1H, m), 2.05-2.15 (1H,
m), 3.72-3.81 (1H, m), 4.35 (1H, bs), 7.43-7.55 (&%), 7.66-7.73 (2H, m)ic (126 MHz, CDC})
17.8 (d,J 69.9 Hz), 25.6 (d) 89.0 Hz), 26.2 (dJ 39.1 Hz), 28.1 (dJ 70.8 Hz), 35.2 (dJ 70.8 Hz),
44.6 (d,J 11.8 Hz), 70.3 (dJ 5.5 Hz), 128.7 (dJ 11.8 Hz), 129.8 (d] 9.1 Hz), 131.7 (dJ 1.8 Hz),
133.4 (d,J 96.3 Hz);dp (202 MHz, CDC}) 40.32; GCt = 12.47 min; GC-MS (El, 70 eV) m/z=248
(M*=H,0) (1), 183 (100), 154 (13), 140 (33), 139 (68)5 {23), 91 (22), 77 (40), 51 (12), 47 (11%).

Minor diastereomer: Yield 47% (0.051 g, 9% isolated as a pure compduwhite solid; mp 113.8—
115.1 °C;R (Hexane/CHGi-PrOH 5:1:1) 0.51; [Found C, 67.82; H, 8.79sH:0,P requires C,
67.65; H, 8.70%]y max (ATR) 3233, 2916, 2847, 1434, 1297, 1136, 1989, 908, 823, 744, 691,
502, 424y, (500 MHz, CDC}) 0.86-1.04 (2H, m), 1.05-1.17 (3H, m), 1.19-1.2H,(m), 1.32-1.45
(1H, m), 1.58-1.68 (2H, m), 1.68-1.74 (1H, m), 1.BH, d,J 12.9 Hz), 1.80-1.87 (1H, m),
1.95-2.14 (2H, m), 3.87-3.96 (1H, m), 4.05 (1H, Bs¥#3-7.56 (3H, m), 7.65-7.74 (2H, my; (126
MHz, CDCk) 16.2 (d,J 69.9 Hz), 25.6 (d) 87.2 Hz), 26.2 (d) 41.8 Hz), 28.3 (d) 62.7 Hz), 35.2 (d,
J70.8 Hz), 44.5 (d) 11.8 Hz), 71.2 (dJ) 6.4 Hz), 128.7 (dJ] 10.9 Hz), 129.6 (d] 10.0 Hz), 131.8 (d,
J 2.7 Hz), 133.9 (d) 97.2 Hz);0r (202 MHz, CDC}) 40.05; GQr = 12.59 min; GC-MS (El, 70 eV)
m/z=248 (M-H,0) (2), 184 (10), 183 (100), 154 (17), 140 (40)9 133), 125 (15), 91 (24), 77 (18),
55 (11), 47 (12%).

4.2.7. (2-Hydroxy-2-methyl propyl)methyl phenylphosphine oxide (20). This compound was prepared
according to General Procedure A from dimethylplh@mysphine oxide 13) (0.077 g, 0.5 mmol)
acetone (0.043 g, 0.75 mmol) as a white solid;dyil094 g (89%); mp 92.4-93.1 °@
(AcOEt/MeOH 9:1) 0.34; [Found C, 62.33; H, 8.13,H;,0,P requires C, 62.25; H, 8.07%];max
(ATR) 3312, 3063, 2966, 2963, 2920, 2885, 1443613273, 1227, 1158, 1111, 971, 892, 875, 823,
743, 695, 547, 495, 433} (500 MHz, CDCJ) 1.22 (3H, s), 1.38 (3H, s), 1.76 (3H,112.9 Hz),
2.17-2.35 (2H, m), 4.31 (1H, bs), 7.41-7.59 (3H, MH3-7.78 (2H, m)jc (126 MHz, CDC}) 19.3
(d,J69.9 Hz), 30.9 (dJ 6.4 Hz), 31.9 (dJ 9.1 Hz), 43.0 (dJ 69.0 Hz), 70.6 (dJ 5.5 Hz), 128.7 (d)
11.8 Hz), 129.6 (d] 10.0 Hz), 131.7 (d) 2.7 Hz), 134.8 (dJ 96.3 Hz);dp (202 MHz, CDC}) 38.10;
GCtg = 9.16 min; GC-MS (El, 70 eV) m/z=194 {WH,0) (13), 197 (46), 194 (14), 154 (56), 139
(100), 92 (18), 91 (73), 77 (30), 51 (12), 47 (16%halytical data are in accordance with those

reported in the literatur@.

4.2.8. (2-Hydroxy-2-methylhexyl)methyl phenyl phosphine oxide (21). This compound was prepared
according to General Procedure A from dimethylpl@mysphine oxide1(3) (0.201 g, 1.30 mmol)
and 2-hexanone (0.196 g, 1.95 mmol) as a whit@;spield 0.251 g (75%). Isolated as a mixture of

diastereomers (dr = 56:44).
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Major diastereomer: R (AcOEt/MeOH 9:1) 0.54py (500 MHz, CDCJ) 0.71 (3H, t,J 7.3 Hz),
0.86-0.99 (1H, m), 1.01-1.13 (1H, m), 1.17 (3H,1s29-1.33 (2H, m), 1.55-1.63 (2H, m), 1.76 (3H,
d, J12.9 Hz), 2.12-2.35 (2H, m), 4.56 (1H, bs), 7.4B67(3H, m), 7.68-7.79 (2H, m); (126 MHz,
CDCly) 14.0, 19.4 (dJ) 69.9 Hz), 23.0, 26.2, 28.7 (d,79.0 Hz), 41.3 (dJ 69.0 Hz), 44.5 (dJ 10.0
Hz), 72.7 (d,J 5.4 Hz), 128.8 (dJ 11.8 Hz), 129.7 (] 10.0 Hz), 131.6 (dJ 2.7 Hz), 134.9 (d] 95.4
Hz); 6» (202 MHz, CDC}) 38.58; GCtg = 10.66 min; GC-MS (El, 70 eV) m/z=236 {WH,0) (6),
197 (80), 157 (12), 154 (38), 140 (49), 139 (10@p (13), 92 (11), 91 (48), 77 (29), 47 (17%).

Minor diastereomer: R (AcOEt/MeOH 9:1) 0.54$y (500 MHz, CDCJ) 0.87-0.97 (m, 1H), 0.91 (3H,

t, J6.9 Hz), 1.18-1.22 (1H, m), 1.29-1.34 (2H, m), 1(34, d,J 1.6 Hz), 1.42-1.56 (2H, m), 1.78
(3H, d,J 12.9 Hz), 2.13-2.34 (2H, m), 4.72 (1H, bs), 7.48873H, m), 7.68-7.77 (2H, My (126
MHz, CDCk) 13.9, 19.3 (dJ 69.9 Hz), 22.8, 26.6, 28.6 (d,75.4 Hz), 41.3 (d) 69.0 Hz), 43.3 (dJ

6.4 Hz), 72.9 (dJ 6.4 Hz), 128.7 (d) 11.8 Hz), 129.7 (d] 10.0 Hz), 131.7 (d) 2.7 Hz), 135.0 (dJ
95.4 Hz);dp (202 MHz, CDC}) 38.42; GOtz = 10.57 min; GC-MS (El, 70 eV) m/z=236 {WH,0)

(7), 197 (74), 154 (33), 140 (55), 139 (100), 1P5)(92 (11), 91 (48), 77 (29), 58 (11), 47 (17%);

v max (ATR) for a mixture of diastereomers: 3723,362358, 3291, 3058, 2932, 2858, 1440, 1373,
1291, 1237, 1150, 1105, 1028, 941, 879, 822, 738, 38, 499, 434.

4.2.9. (2-Hydroxy-2-methyl pentyl)methylphenylphosphine oxide (22). This compound was prepared
according to General Procedure A from dimethylply@mysphine oxide1(3) (0.373 g, 2.42 mmol)
and 2-pentanone (0.312 g, 3.63 mmol) as a colodisgield 0.495 g (85%). Isolated as a mixture of

diastereomers (dr = 52:48).

Major diastereomer: R (ACOEY/MeOH 9:1) 0.504, (500 MHz, CDC})) 0.94 (3H, tJ 7.3 Hz), 1.19
(3H, s), 1.37-1.45 (2H, m), 1.55-1.62 (2H, m), 1(3H, d,J 13.2 Hz), 2.12-2.37 (2H, m), 4.59 (1H,
bs), 7.48-7.59 (3H, m), 7.69-7.80 (2H, B);(126 MHz, CDC}) 14.4, 17.2, 19.4 (d} 69.9 Hz), 28.6
(d,J71.8 Hz), 41.7 (d) 2.7 Hz), 47.1 (dJ 9.1 Hz), 72.7 (dJ 6.4 Hz), 128.8 (dJ 11.8 Hz), 129.7 (d,
J2.7 Hz), 131.7 (dJ 5.4 Hz), 135.0 (dJ 96.3 Hz);dc (202 MHz, CDCY) 38.63; GCig = 10.16 min;
GC-MS (El, 70 eV) m/z=225 (f4CHs) (11), 223 (M-H,0) (2), 197 (84), 157 (14), 154 (37), 140
(40), 139 (100), 125 (10), 92 (12), 91 (55), 77)(2F (16%).

Minor diastereomer: R (AcCOEt/MeOH 9:1) 0.50py (500 MHz, CDC}) 0.66 (3H, t,J 7.3 Hz),
0.97-1.06 (1H, m), 1.22-1.27 (1H, m), 1.36 (3HJd,3 Hz), 1.45-1.54 (2H, m), 1.80 (3H,H12.9
Hz), 2.13-2.36 (2H, m), 4.59 (1H, bs), 7.49-7.58,(&), 7.70-7.78 (2H, m)jc (126 MHz, CDC})
14.1, 17.7, 19.3 (d] 69.9 Hz), 28.7 (d) 75.4 Hz), 41.1 (d) 2.7 Hz), 45.8 (d) 6.4 Hz), 72.9 (d) 5.4
Hz), 128.8 (dJ 10.9 Hz), 129.6 (d] 2.7 Hz), 131.7 (dJ 5.4 Hz), 134.9 (dJ 96.3 Hz);5p (202 MHz,
CDCls) 38.44; GClg = 10.11 min; GC-MS (El, 70 eV) m/z=225 {MCHs) (9), 222 (M-H,0) (9),
197 (86), 157 (13), 154 (34), 140 (45), 139 (10@p (11), 92 (12), 91 (55), 77 (29), 47 (17%);
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v max (ATR) for a mixture of diastereomers: 3329, 2985869, 1436, 1372, 1294, 1151, 1112, 1015,
892, 822, 738, 694, 489, 437,

4.2.10. (2-Hydroxy-2-phenyl propyl)methyl phenyl phosphine oxide (23). This compound was prepared
according to General Procedure A from dimethylpl@mysphine oxide1(3) (0.211 g, 1.37 mmol)
and acetophenone (0.247 g, 2.05 mmol) as a whitk geld 0.345 g (93%). Isolated as a mixture of
diastereomers (dr = 66.5:33.5).

Major diastereomer: R (ACOEt/MeOH 9:1) 0.68yy (500 MHz, CDC}) 1.68 (3H, dJ 1.9 Hz), 1.78
(3H, d,J 12.9 Hz), 2.68 (2H, dJ 8.5 Hz), 5.90 (1H, bs), 6.98-7.08 (3H, m), 7.2377(2H, m),

7.34-7.42 (2H, m), 7.53-7.66 (3H, nd); (126 MHz, CDC}) 18.7 (d,J 70.8 Hz), 33.4 (dJ 10.9 Hz),

43.8 (d,J 68.1 Hz), 74.0 (dJ 5.4 Hz), 124.8, 126.5, 127.6, 128.2 Jdi2.7 Hz), 129.4 (d) 9.1 Hz),

129.6 (d,J 10.0 Hz), 131.0 (dJ 2.7 Hz), 133.1 (d,) 98.1 Hz), 146.0 (dJ 4.5 Hz);éc (202 MHz,

CDCly) 38.91; GOt = 12.20 min; GC-MS (El, 70 eV) m/z=259 {MCHs) (49), 241 (M—H,0) (1),

157 (29), 154 (100), 139 (80), 121 (10), 105 (1DB (12), 92 (20), 91 (83), 78 (10), 77 (50), 50)(2
47 (14%).

Minor diastereomer: R; (ACOEt/MeOH 9:1) 0.749y (500 MHz, CDC}) 1.67 (3H, dJ 1.9 Hz), 1.81
(3H, d,J 12.9 Hz), 2.57 (2H, d) 10.1 Hz), 6.05 (1H, bs), 7.21-7.27 (1H, m), 7.2827(1H, m),
7.34-7.42 (3H, m), 7.43-7.49 (1H, m), 7.52-7.67 (8}, 7.69-7.76 (1H, m)ic (126 MHz, CDC})
16.9 (d,J 68.1 Hz), 32.9 (dJ 10.9 Hz), 44.2 (d) 67.2 Hz), 74.1 (dJ 6.4 Hz), 125.0, 127.0, 128.4,
128.7 (d,J 11.8 Hz), 128.8 (dJ 11.8 Hz), 129.3 (d) 9.1 Hz), 131.9 (dJ 2.7 Hz), 134.8 (dJ 96.3
Hz), 147.3 (d,J 4.5 Hz); dp (202 MHz, CDC)) 39.96; GCtg = 12.48 min; GC-MS (EIl, 70 eV)
m/z=259 (M—-CH;) (50), 241 (M-H,0) (1), 157 (29), 154 (100), 140 (10), 139 (68)3 103), 92
(20), 91 (83), 78 (10), 77 (35), 51 (12), 47 (11%);

v max (ATR) for a mixture of diastereomers: 3231, 808023, 2965, 1591, 1490, 1436, 1369, 1292,
1256, 1142, 1114, 1068, 1024, 919, 893, 824, 7357, %01, 425.

4.2.11. (2-Hydroxy-2,3-dimethylbutyl)methylphenylphosphine oxide (24). This compound was
prepared according to General Procedure A from dhiyhghenylphosphine oxidel8) (0.204 g, 1.32
mmol) and 3-methyl-2-butanone (0.171 g, 1.99 mnasl}a white sticky solid; yield 0.275 g (87%).

Isolated as a mixture of diastereomers (dr = 55.54

Major diastereomer: R; (ACOEt/MeOH 9:1) 0.55), (500 MHz, CDC}) 0.91 (6H, dJ 6.3 Hz), 1.10
(3H, d,J 6.6 Hz), 1.81 (3H, d) 12.9 Hz), 1.83-1.88 (1H, m), 2.06-2.18 (1H, m),32.34 (1H, m),
4.61 (1H, bs), 7.46-7.58 (3H, m), 7.68-7.78 (2H, #p)(126 MHz, CDCJ) 16.9, 17.5, 19.5 (d, 70.8
Hz), 25.1 (d.J 4.5 Hz), 38.2 (dJ 69.9 Hz), 39.6 (dJ 10.0 Hz), 75.0 (dJ 6.4 Hz), 128.8 (dJ 11.8
Hz), 129.6 (d,) 11.8 Hz), 131.6 (d] 2.7 Hz), 135.1 (d] 95.4 Hz);5p (202 MHz, CDCY) 39.40; GOr
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= 10.06 min; GC-MS (El, 70 V) m/z=225 {MCHs) (7), 198 (11), 197 (98), 157 (15), 154 (20), 140
(24), 139 (100), 91 (38), 77 (25), 47 (15%).

Minor diastereomer: R (ACOEt/MeOH 9:1) 0.5594 (500 MHz, CDC}) 0.66 (3H, dJ 6.6 Hz), 0.94
(3H, d,J 6.6 Hz), 1.33 (3H, s), 1.76 (3H, d,12.9 Hz), 1.80-1.82 (1H, m), 2.06-2.18 (1H, m),
2.22-2.33 (1H, m), 4.55 (1H, bs), 7.46-7.60 (3H, M$8-7.78 (2H, m)jc (126 MHz, CDC}) 16.8,
17.7, 19.3 (dJ 69.0 Hz), 24.6 (dJ 7.3 Hz), 38.5 (dJ 8.2 Hz), 38.8 (dJ 70.8 Hz), 75.3 (d) 6.4 Hz),
128.7 (d,J 11.8 Hz), 129.7 (dJ 12.7 Hz), 131.7 (dJ 2.7 Hz), 135.1 (dJ 96.3 Hz);dp (202 MHz,
CDCl) 39.03; GCtg = 10.09 min; GC-MS (El, 70 eV) m/z=225 {MCHs) (5), 198 (10), 197 (97),
157 (14), 154 (20), 140 (28), 139 (100), 125 (91)(40), 77 (26), 47 (16%);

v max (ATR) for a mixture of diastereomers: 3344, BOB59, 2874, 1466, 1437, 1409, 1383, 1294,
1155, 1110, 1011, 923,894, 817, 737, 693, 576, 438, 436.

4.2.12. (2-Hydroxy-2-methylbutyl)methyl phenyl phosphine oxide (25). This compound was prepared
according to General Procedure A from dimethylpl@mysphine oxide1(3) (0.223 g, 1.45 mmol)
and 2-butanone (0.157 g, 2.17 mmol) as a colodésgield 0.253 g (77%). Isolated as a mixture of
diastereomers (dr = 53.5:46.5).

Major diastereomer: R (AcOEt/MeOH 9:1) 0.42¢p (500 MHz, CDC}) 0.86 (3H, t,J 7.6 Hz), 1.14
(3H, s), 1.42-1.51 (1H, m), 1.51-1.58 (1H, m), 1(38, d,J 12.9 Hz), 2.06-2.14 (1H, m), 2.15-2.27
(1H, m), 5.25 (1H, bs), 7.40-7.51 (3H, m), 7.62:37(ZH, m);éc (126 MHz, CDCJ) 8.1, 18.9 (d,)
69.9 Hz), 27.4 (dJ 4.5 Hz), 37.1 (dJ 9.1 Hz), 41.0 (dJ 69.9 Hz), 72.6 (dJ 6.4 HZ), 128.6 (dJ 11.8
Hz), 129.5 (d, 10.0 Hz), 131.5 (d] 2.7 Hz), 134.5 (d] 96.3 Hz);5s (202 MHz, CDC}) 39.35; GO

= 9.74 min; GC-MS (EI, 70 eV) m/z=208 {MH,0) (11), 197 (67), 157 (13), 154 (32), 140 (34)913
(100), 92 (13), 91 (55), 77 (28), 47 (16%).

Minor diastereomer: R (AcCOEt/MeOH 9:1) 0.42p, (500 MHz, CDCY) 0.68 (3H, tJ 7.4 Hz), 1.27
(3H, s), 1.52-1.59 (2H, m), 1.74 (3H,112.9 Hz), 2.15-2.26 (2H, m), 5.17 (1H, bs), 7.392713H,

m), 7.62-7.72 (2H, m)jc (126 MHz, CDC}) 8.2, 18.6 (dJ 7.3 Hz), 28.1 (dJ 8.2 Hz), 35.9 (dJ 6.4
Hz), 41.2 (dJ 69.0 Hz), 72.9 (dJ) 5.4 Hz), 128.6 (dJ 11.8 Hz), 129.4 (d] 10.0 Hz), 131.6 (d] 2.7
Hz), 134.6 (d,J 96.3 Hz);dp (202 MHz, CDC}) 39.08; GCtr = 9.74 min; GC-MS (El, 70 eV)
m/z=208 (M-H,0) (11), 197 (67), 157 (13), 154 (32), 140 (34)9 1800), 92 (13), 91 (55), 77 (28),
47 (16%);

v max (ATR) for a mixture of diastereomers: 3324, 30066, 2927, 2879, 1442, 1436, 1408, 1372,
1294, 1151, 1112, 995, 904, 892, 823, 737, 694, 3B, 436.

4.2.13. (2-Hydroxy-2,3,3-trimethylbutyl)methyl phenylphosphine oxide (26). This was prepared
according to General Procedure A from dimethylply@mysphine oxide1(3) (0.354 g, 2.29 mmol)
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and 3,3-dimethyl-2-butanone (0.345 g, 3.35 mmok ahite solid; yield 0.469 g (80%). Isolated as a

mixture of diastereomers (dr = 60:40).

Major diastereomer: R (AcCOEt/MeOH 9:1) 0.629y (500 MHz, CDCY) 0.95 (9H, s), 1.17 (3H, d,
0.9 Hz), 1.75 (3H, d) 12.9 Hz), 1.99-2.14 (1H, m), 2.37-2.47 (1H, m),74(2H, bs), 7.46-7.57 (3H
m), 7.66-7.79 (2H, m)jc (126 MHz, CDC}) 19.3, 24.0 (dJ 3.6 Hz), 24.9, 36.8 (dl 70.8 Hz), 38.6
(d, J 10.0 Hz), 76.5 (dJ 6.4 Hz), 128.8 (dJ 10.9 Hz), 129.7 (d] 10.0 Hz), 131.5 (d] 2.7 Hz), 135.2
(d, 3 94.5 Hz);0p (202 MHz, CDC}) 39.77; GCtg = 10.27 min; GC-MS (El, 70 eV) m/z= 198 (11),
197 (100), 157 (14), 154 (12), 140 (11), 139 (87)(24), 77 (19), 47 (11%).

Minor diastereomer: R (AcOEt/MeOH 9:1) 0.629y (500 MHz, CDCY) 0.93 (9H, s), 1.55 (3H, d,

0.6 Hz), 1.85 (3H, d] 12.9 Hz), 1.97-2.14 (1H, m), 2.36-2.49 (1H, m)54(2H, bs), 7.46-7.58 (3H,
m), 7.65-7.80 (2H, m)jc (126 MHz, CDC}) 19.8, 24.4 (dJ 2.7 Hz), 24.9, 37.4 (d] 69.9 Hz), 38.7
(d,J9.1 Hz), 76.4 (d) 6.4 Hz), 128.7 (d) 11.8 Hz), 129.4 (d]) 9.1 Hz), 131.6 (dJ 2.7 Hz), 135.6 (d,

J 98.1 Hz);0p (202 MHz, CDCJ) 39.62; GCtg = 10.37 min; GC-MS (El, 70 eV) m/z=198 (11), 197
(100), 157 (12), 154 (11), 140 (13), 139 (84), ®4)( 77 (19), 47 (11%);

v max (ATR) for a mixture of diastereomers: 3421, B2Z1957, 2909, 2871, 1477, 1438, 1370, 1298,
1142, 1112, 1001, 895, 831, 743, 697, 493, 447.

4.2.14. (2-Hydroxy-2,4,4-trimethyl pentyl)methyl phenylphosphine oxide (27). This compound was
prepared according to General Procedure A from ttighehenylphosphine oxidel8) (0.226 g, 1.47
mmol) and 4,4-dimethyl-2-pentanone (0.251 g, 2.28oM as a white solid; yield 0.325 g (83%).

Isolated as a mixture of diastereomers (dr = 91:9).

Major diastereomer: R; (AcOEt/MeOH 9:1) 0.73§y (500 MHz, CDCY) 0.92 (9H, s), 1.24-1.35 (2H,
m), 1.49 (3H, dJ 1.6 Hz), 1.77 (3H, dJ 12.9 Hz), 2.17-2.24 (1H, m), 2.26-2.35 (1H, m)44(5H,
bs), 7.46-7.57 (3H, m), 7.66—7.76 (2H, MY;(126 MHz, CDC}) 19.4 (d,J 69.0 Hz), 30.6 (dJ 8.2
Hz), 31.3, 31.4, 44.8 (d,68.1 Hz), 55.2 (dJ 7.3 Hz), 74.3 (dJ 6.4 HZ), 128.7 (dJ 11.8 Hz), 129.6
(d, 3 10.0 Hz), 131.6 (d) 2.7 Hz), 135.2 (dJ 96.3 Hz);J» (202 MHz, CDC)) 38.17; GCir = 10.57
min; GC-MS (El, 70 eV) m/z=253 (MCHs) (6), 198 (11), 197 (100), 154 (39), 140 (12), 190),
92 (11), 91 (43), 77 (22), 57 (14), 47 (12%).

Minor diastereomer: R; (AcOEt/MeOH 9:1) 0.73p4 (500 MHz, CDCJ) 1.03 (9H, s), 1.25 (3H, s),
1.32-1.33 (2H, m), 1.75 (3H, d,12.8 Hz), 2.17-2.22 (1H, m), 2.36-2.44 (1H, m),74(aH, bs),
7.47-7.57 (3H, m), 7.67-7.76 (2H, nd); (126 MHz, CDC}) 19.7 (d,J 69.9 Hz), 30.0 (dJ 5.4 Hz),
31.4, 31.6, 43.9 (d] 68.1 Hz), 56.6 (d) 10.0 Hz), 74.2 (d) 6.4 Hz), 128.8 (dJ 11.8 Hz), 129.6 (dJ
9.3 Hz), 131.6 (dJ 2.7 Hz), 136.6 (dJ 95.4 Hz);dp (202 MHz, CDCY) 38.17; GCtg = 10.37 min;
GC-MS (El, 70 eV) m/z=253 (I4CH;) (8), 198 (11), 197 (95), 193 (11), 157 (10), 188), 140
(13), 139 (100), 92 (11), 91 (48), 77 (27), 57 (2T) (14%);
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v max (ATR) for a mixture of diastereomers: 3296, 298904, 2866, 1448, 1435, 1375, 1361, 1296,
1239, 1154, 1098, 918, 899, 894, 857, 795, 741, 62B, 597, 512, 441.

4.2.15. (2-Hydroxy-2,2-diphenylethyl)methyl phenylphosphine oxide (28). This compound was
prepared according to General Procedure A from ttighehenylphosphine oxidel8) (0.105 g, 0.68
mmol) and benzophenone (0.185 g, 1.0 mmol) as tewsbiid; yield 0.191 g (84%); mp 144.8-146.2
°C; R (AcOEt/MeOH 9:1) 0.77; [Found C, 75.15; H, 6.464,0,P requires C, 74.99; H, 6.29%);
max (ATR) 3207, 3054, 2914, 1591, 1440, 1438, 12223, 1146, 1112, 982, 930, 874, 826, 741,
689, 599, 531, 485, 464;, (500 MHz, CDC}) 1.36 (3H, dJJ 12.9 Hz), 1.65 (1H, bs), 2.90-3.09 (2H,
m), 7.02-7.15 (3H, mH), 7.21-7.27 (1H, m), 7.2977(8H, m), 7.36-7.42 (2H, m), 7.44-7.52 (3H,
m), 7.52-7.58 (2H, m)jc (126 MHz, CDC})) 17.5 (d,J 69.0 Hz), 42.4 (dJ 68.1 Hz), 125.7, 125.9,
126.9, 127.1, 127.9, 128.3, 128.6 Jd1.8 Hz), 129.4 (d) 9.1 Hz), 131.6 (dJ 2.7 Hz), 134.0 (dJ
99.0 Hz), 146.0 (dJ 8.2 Hz), 146.7 (dJ 6.4 Hz);dp (202 MHz, CDC}) 40.40; GCtg = 19.71 min;
GC-MS (El, 70 eV) m/z=182 (33), 154 (34), 139 (3M5 (100%).

4.2.16. (2-Butyl-2-hydroxyhexyl)methyl phenyl phosphine oxide (29). This compound was prepared
according to General Procedure A from dimethylplh@mysphine oxide13) (0.366 g, 2.4 mmol) )
and 5-nonanone (0.506g, 3.56 mmol) as a white ;spiedd 0.557 g (82%); mp 106.3-108 °&;
(AcOEt/MeOH 9:1) 0.73; [Found C, 68.94; H, 9.934640,P requires C, 68.89; H, 9.86%];max
(ATR) 3311, 3061, 2951, 2917, 2867, 1462, 1436513290, 1267, 1143, 1107, 996, 897, 879, 831,
744, 694, 606, 495, 488, 432, 428;(500 MHz, CDC}) 0.62 (3H, t,J 7.9 Hz), 0.70-0.83 (2H, m),
0.86 (3H, tJ 6.9 Hz), 0.91-1.01 (1H, m), 1.03-1.14 (1H, m), £131 (4H, m), 1.31-1.42 (1H, m),
1.43-1.55 (3H, m), 1.70 (3H, d,12.9 Hz), 2.09-2.25 (2H, m), 4.66 (1H, s), 7.4127(3H, m),
7.65-7.73 (2H, m)jc (126 MHz, CDCJ) 13.8, 14.0, 19.4 (d] 69.0 Hz), 22.7, 23.1, 25.5, 26.3, 39.5
(d,J68.1 Hz), 40.1 (d) 5.4 Hz), 40.7 (dJ 9.1 Hz), 74.8 (dJ 5.4 Hz), 128.7 (d) 10.9 Hz), 129.7 (d,
J9.1 Hz), 131.6 (dJ 2.7 Hz), 135.0 (dJ 95.4 Hz);6p (202 MHz, CDCI3) 38.70; G& = 11.58 min;
GC-MS (El, 70 eV) m/z=278 (M-H,0) (5), 240 (14), 239 (100), 157 (21), 154 (32)0 141), 139
(68), 125 (11), 91 (35), 77 (21), 57 (15), 55 (4M),(11%).

4.2.17. (2-Hydroxy-2-i-propyl-3-methyl butyl Ymethyl phenyl phosphine oxide (30). This compound was
prepared according to General Procedure A from tthiyfghenylphosphine oxidel®) (0.198 g, 1.3
mmol) ) and 2,4-dimethyl-3-pentanone (0.220g, T#8B0l) as a colorless oil; yield 0.204 g (60%y);
(AcOEt/MeOH 9:1) 0.71; [Found C, 67.28; H, 9.57%:43s0,P requires C, 67.14; H, 9.39%];max
(ATR) 3361, 2960, 2914, 2876, 1467, 1436, 1411413292, 1145, 1110, 990, 894, 741, 694, 530,
488, 4340, (500 MHz, CDC}) 0.72 (3H, dJ 6.9 Hz), 0.88 (3H, dJ 6.9 Hz), 0.92 (3H, d] 6.9 Hz),
1.01 (3H, dJ 6.6 Hz), 1.81 (3H, dJ 12.9 Hz), 1.82-1.87 (1H, m), 1.90-1.98 (1H, m),32P.20 (2H,
m), 4.32 (1H, bs), 7.43-7.54 (3H, m), 7.64-7.75,(8H} oc (126 MHz, CDC}) 17.1, 17.3, 17.4, 17.5,
18.8 (d,J 70.8 Hz), 34.1 (d) 69.0 Hz), 35.4 (dJ 4.5 Hz), 36.3 (dJ 2.7 Hz), 78.7 (dJ 6.4 Hz), 128.6
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(d, J 10.9 Hz), 129.7 (dJ 9.1 Hz), 131.5 (dJ 2.7 Hz), 135.2 (dJ 96.3 Hz);5p (202 MHz, CDC)
39.03; GCtg = 10.79 min; GC-MS (El, 70 eV) m/z=250 {MH,0) (2), 226 (14), 225 (100), 157 (28),
154 (22), 140 (30), 139 (78), 125 (12), 91 (36)(Z4), 71 (12), 69 (14), 47 (16%).

4.2.18. (2-Ethyl-2-hydroxybutyl)methyl phenylphosphine oxide (31). This compound was prepared
according to General Procedure A from dimethylplhgmysphine oxide13) (0.205 g, 1.3 mmol) )
and pentan-3-one (0.172g, 1.99 mmol) as a colodigsgield 0.240 g (75%)R: (AcOEt/MeOH 9:1)
0.56; [Found C, 65.15; H, 9.08.4#,,0,P requires C, 64.98; H, 8.81%];max (ATR) 3302, 2967,
2960, 2934, 2873, 1440, 1296, 1254, 1210, 11521,11023, 978, 961, 899, 890, 825, 745, 693, 582,
500, 430;04 (500 MHz, CDC}) 0.66 (3H, t,J 7.6 Hz), 0.88 (3H, tJ 7.6 Hz), 1.39-1.52 (1H, m),
1.53-1.70 (3H, m), 1.78 (3H, d,12.9 Hz), 2.12-2.27 (2H, m), 4.40 (1H, bs), 7.4667(3H, m),
7.67-7.75 (2H, m)yc (126 MHz, CDC}) 7.8, 7.9, 19.3 (d) 69.9 Hz), 32.1 (dJ 5.4 Hz), 32.6 (dJ
9.1 Hz), 38.9 (dJ 69.0 Hz), 75.2 (d) 5.5 Hz), 128.7 (dJ 11.8 Hz), 129.5 (d) 10.0 Hz), 131.6 (dJ
2.7 Hz), 135.0 (dJ 96.3 Hz);dpr (202 MHz, CDC}) 38.95; GCtg = 10.20 min; GC-MS (El, 70 eV)
m/z=222 (M-H,0) (12), 212 (10), 211 (89), 157 (25), 154 (35)0 148), 139 (100), 125 (15), 92
(13), 91 (57), 77 (33), 57 (16), 55 (13), 51 (M1),(21%).

4.2.19. [(1-Hydroxy)cyclopentylmethyl)] methyl phenylphosphine oxide (32). This compound was
prepared according to General Procedure A from tthiyfghenylphosphine oxidel®) (0.118 g, 0.7
mmol) ) and pentanone (0.097g, 1.15 mmol) as aewndutid; yield 0.129 g (71%); mp 80.7-81.4 °C;
Rs (AcOEt/MeOH 9:1) 0.43; [Found C, 65.59; H, 8.143H5,0,P requires C, 65.53; H, 8.04%]max
(ATR) 3301, 3057, 2957, 2885, 2841, 1424, 1402813299, 1296, 1262, 1224, 1162, 1144, 1110,
1002, 892, 873, 829, 746, 697, 499, 447(500 MHz, CDC)) 1.16-1.30 (1H, m), 1.42-1.60 (3H,
m), 1.67-1.77 (2H, m), 1.74 (3H, d,12.9 Hz), 1.78-1.85 (1H, m), 1.87-1.96 (1H, m),022.30
(1H, m), 2.37-2.47 (1H, m), 4.29 (1H, bs), 7.4147(8H, m), 7.64-7.76 (2H, m)ic (126 MHz,
CDCl;) 19.0 (d,J 69.0 Hz), 23.1, 23.5, 40.7 (d6.4 Hz), 41.2 (dJ 69.0 Hz), 41.8 (dJ) 8.2 Hz), 80.4
(d,J 6.4 Hz), 128.7 (dJ 11.8 Hz), 129.7 (dJ 9.1 Hz), 131.7 (dJ 2.7 Hz), 134.6 (dJ 96.3 Hz);dp
(202 MHz, CDC}) 38.53; GCtg = 9.30 min; GC-MS (El, 70 eV) m/z=238 (M(1), 220 (M-H,0)
(17), 219 (12), 209 (36), 196 (50), 181 (36), 15T)( 154 (60), 140 (56), 139 (100), 125 (29), WY(1
92 (19), 91 (86%).

4.2.20. [(1-Hydroxy)cyclohexylmethyl)] methyl phenylphosphine oxide (33). This compound was
prepared according to General Procedure A from ttighehenylphosphine oxidel8) (0.101 g, 0.65
mmol) and hexanone (0.097g, 0.98 mmol) as a whiid;syield 0.126 g (76%); mp 108.8-110.4 °C;
R: (AcOEt/MeOH 9:1) 0.55; [Found C, 66.48; H, 8.23,;,0,P requires C, 66.65; H, 8.39%]max
(ATR) 3306, 2929, 2888, 2844, 1438, 1261, 1175311809, 981, 892, 819, 747, 695, 511, 487, 446;
on (500 MHz, CDC}) 1.10-1.25 (2H, m), 1.26-1.35 (1H, m), 1.35-1.2A,(m), 1.48-1.58 (2H, m),
1.60-1.71 (2H, m), 1.75 (3H, d,12.9 Hz), 1.76-1.80 (1H, m), 2.14-2.28 (2H, m),34(&H, bs),
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7.43-7.55 (3H, m), 7.65-7.74 (2H, m) (126 MHz, CDCY) 19.5 (d,J 69.9 Hz), 22.0, 22.2, 25.4,
39.0 (d,J 6.4 Hz), 40.1 (dJ 10.0 Hz), 41.8 (dJ 70.8 Hz), 71.9 (dJ 6.4 Hz), 128.7 (dJ 11.8 Hz),
129.6 (d,J 10.0 Hz), 131.6 (dJ 2.7 Hz), 135.1 (dJ 95.4 Hz);dp (202 MHz, CDCJ) 38.65; GCtg =
11.64 min; GC-MS (EI, 70 eV) m/iz=252 {(M3), 234 (M—H,0) (26), 233 (11), 210 (16), 209 (68),
196 (30), 181 (17), 157 (15), 154 (70), 141 (180 {75), 139 (100), 125 (30), 121 (10), 95 (10), 92
(22), 91 (97), 77 (41), 65 (10), 55 (19), 51 (¥4,(30%).

4.2.21. [(1-Hydroxy)cycloheptyl methyl)] methyl phenylphosphine oxide (34). This compound was
prepared according to General Procedure A from dhiyhghenylphosphine oxidel®) (0.204 g, 1.33
mmol) and heptanone (0.233g, 1.99 mmol) as a vgoiid; yield 0.319 g (90%); mp 80.6-82.6 &;
(AcOEt/MeOH 9:1) 0.50; [Found C, 67.49; H, 8.61sH3;0,P requires C, 67.65; H, 8.70%];max
(ATR) 3350, 2923, 2858, 1436, 1290, 1246, 1155611403, 1033, 901, 879, 801, 745, 736, 690,
571, 494, 445y, (500 MHz, CDC}) 1.04-1.17 (1H, m), 1.24-1.37 (2H, m), 1.38-1.261,( m),
1.46-1.56 (3H, m), 1.59-1.63 (2H, m), 1.72 (3HJd,2.9 Hz), 1.75-1.82 (1H, m), 1.87-1.95 (1H,
m), 2.16-2.28 (2H, m), 4.54 (1H, bs), 7.41-7.53 (84, 7.64-7.71 (2H, m)jc (126 MHz, CDC})
19.3 (d,J 69.9 Hz), 21.8, 21.8, 24.2, 29.4 (16.3 Hz), 42.2 (dJ) 6.4 Hz), 42.9 (dJ 69.0 Hz), 43.7
(d,J9.1 Hz), 75.8 (dJ 6.4 Hz), 128.6 (dJ 10.9 Hz), 129.5 (d) 10.0 Hz), 131.5 (d] 3.6 Hz), 135.0
(d, J 95.4 Hz);6p (202 MHz, CDC}) 38.54; GCtg = 12.38 min; GC-MS (El, 70 eV) m/z=266 (M
(2), 248 (M-H,0) (17), 209 (50), 196 (32), 181 (23), 157 (15)51%1), 154 (92), 141 (20), 140
(100), 139 (98), 125 (35), 109 (12), 95 (10), 92)(dD1 (96), 79 (11), 77 (43), 68 (14), 67 (14), 55
(24), 51 (14), 47 (31%).

4.2.22. (2-Hydroxy-2-methyl propyl)diphenylphosphine oxide (37). This compound was prepared
according to General Procedure A from diphenylmigtingsphine oxide (0.302 g, 1.4 mmol) and
acetone (0.122 g, 2.1 mmol) as a white solid; yiela78 g (73%); mp 103.8-105.7 ‘&
(AcOEt/MeOH 9:1) 0.64; [Found C, 69.96; H, 6.85¢4;40,P requires C, 70.06; H, 6.98%];max
(ATR) 3321, 3055, 2977, 2924, 2878, 1477, 1435613232, 1163, 1098, 972, 902, 804, 748, 711,
667, 567, 511, 48794 (500 MHz, CDCJ) 1.28 (6H, s), 2.60 (2H, dJ 9.5 Hz), 4.41 (1H, bs),
7.45-7.54 (6H, m), 7.72-7.78 (4H, na); (126 MHz, CDC}) 31.5, 31.6, 41.2 (d] 69.9 Hz), 70.8 (d,

J 6.4 Hz), 128.7 (dJ 11.8 Hz), 130.4 (dJ 9.1 Hz), 131.8 (dJ 2.7 Hz), 133.9 (dJ 99.0 Hz);dc (202
MHz, CDCk) 32.45; GOz = 12.18 min; GC-MS (El, 70 eV) m/z=256 {MH,0) (21), 255 (31), 216
(27), 215 (87), 202 (14), 201 (100), 152 (12), B4), 125 (17), 91 (24), 78 (13), 77 (71), 51 (41),
(45%). Analytical data are in accordance with theg®rted in the literature.

4.2.23. (2-Hydroxy-2-methyl propyl)-t-butyl phenyl phosphine oxide (38). This compound was prepared
according to General Procedure A from tert-butyhgithenylphosphine oxide (0.142 g, 0.7 mmol)
and acetone (0.063 g, 1.1 mmol) as a white solieldy0.116 g (63%); mp 114.8-115.9 °&;
(AcOEt/MeOH 9:1) 0.60; [Found C, 66.01; H, 9.08,;50,P requires C, 66.12; H, 9.12%];max
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(ATR) 3258, 3063, 2970, 2903, 2868, 1461, 1435413@46, 1208, 1147, 1104, 903, 813, 745, 695,
627, 527, 491, 46, (500 MHz, CDCJ) 1.06 (3H, s), 1.10 (9H, d,14.8 Hz), 1.33 (3H, d] 2.5 Hz),
2.15-2.21 (1H, m), 2.35-2.44 (1H, m), 4.48 (1H, Fs¥5-7.58 (3H, m), 7.68-7.82 (2H, m); (126
MHz, CDCk) 23.7, 30.1 (dJ 3.6 Hz), 32.91 (dJ 69.0 Hz), 32.92 (d] 11.8 Hz), 34.1 (dJ 62.7 Hz),
70.4 (d,J 5.4 Hz), 128.3 (dJ 10.9 Hz), 131.3 (d] 86.3 Hz), 131.4 (d] 7.3 Hz), 131.6 (dJ 2.7 Hz);

dp (202 MHz, CDCJ) 50.17; GCtg = 9.63 min; GC-MS (El, 70 eV) m/z=236 {MH,0) (3), 239
(16), 197 (25), 180 (16), 179 (10), 142 (27), 183)( 140 (46), 125 (100), 91 (15), 78 (13), 78 (16)
77 (26), 57 (67) 47 (49%).

4.2.24. (2-Hydroxy-3-methylbutyl)diphenylphosphine oxide (39). This compound was prepared
according to General Procedure A from diphenylmigtigsphine oxide (0.282 g, 1.3 mmol) and
isobutyraldehyde (0.141 g, 2.0 mmol) as a colorteksyield 0.295 g (78%)R: (AcOEt/MeOH 9:1)
0.72; [Found C, 70.98; H, 7.52,8,,0,P requires C, 70.82; H, 7.34%];max (ATR) 3333, 3053,
2957, 2870, 1436, 1154, 1118, 994, 742, 699, 6382, & (500 MHz, CDC}) 0.90 (3H, dJ 2.2 Hz),
0.91 (3H, d,J 2.2 Hz), 1.72-1.81 (1H, m), 2.32-2.44 (2H, m), 3:389 (1H, m), 4.43 (1H, bs),
7.42-7.55 (6H, m), 7.69-7.80 (4H, nd) (126 MHz, CDC}) 17.5, 17.8, 32.9 (d] 72.7 Hz), 34.4 (d,
J12.7 Hz), 71.3 (d} 5.4 Hz), 128.7 (d) 6.4 Hz), 128.8 (d) 6.4 Hz), 130.4 (dJ 10.0 Hz), 130.9 (dJ
10.0 Hz), 131.7 (d] 98.1 Hz), 131.98 (d] 2.7 Hz), 132.0 (dJ 2.7 Hz), 133.5 (dJ 99.9 Hz);dp (202
MHz, CDCkL) 35.29; GCtg = 11.12 min; GC-MS (El, 70 eV) m/z=270 (MH,0) (5), 246 (13), 245
(86), 215 (26), 202 (44), 201 (100), 77 (41); 58)(U7 (27%). Analytical data are in accordancdawit
those reported in the literatufe.

4.2.25. (2-Hydroxy-3-methyl butyl)-t-butyl phenyl phosphine oxide (40). This compound was prepared
according to General Procedure A from tert-butyhglthenylphosphine oxide (0.142 g, 0.7 mmol)
and isobutyraldehyde (0.078 g, 1.1 mmol) as a wdotil; yield 0.126 g (65%). Isolated as a mixture

of diastereomers (dr = 52:48).

Major diastereomer: R (AcOEt/MeOH 9:1) 0.65p max (ATR) 3284, 2955, 2871, 1477, 1434, 1364,
1138, 1105, 997, 844, 816, 779, 695, 632, 599, 47600 MHz, CDCJ) 0.88 (3H, d,) 6.6 Hz), 0.92
(3H, d,J 6.6 Hz), 1.10 (9H, dJ 14.8 Hz), 1.62-1.77 (1H, m), 2.06-2.14 (2H, m),73:2.59 (1H, m),
4.82 (1H, bs), 7.37-7.55 (3H, m), 7.59-7.72 (2H, #a)(126 MHz, CDC}) 17.60, 17.62, 23.8, 25.5
(d, J 64.5 Hz), 32.6 (dJ 68.1 Hz), 34.3 (dJ 11.8 Hz), 71.3 (dJ 5.5 Hz), 128.0 (dJ 10.9 Hz), 129.0
(d, 3 86.3 Hz), 131.68 (d] 8.2 Hz), 131.70 (dJ 2.7 Hz);J» (202 MHz, CDC}) 54.46; GOr = 10.26
min; GC-MS (El, 70 eV) m/z=250 (4H,0) (2), 225 (74), 211 (25), 193 (13), 142 (20), 129);
140 (32), 126 (24) 125 (100) 91 (12%).

Minor diastereomer: R (ACOEt/MeOH 9:1) 0.65y max (ATR) 3276, 2955, 2869, 1463, 1436, 1364,
1139, 1106, 998, 844, 817, 778, 696, 633, 508, &Y&H00 MHz, CDC}) 0.86 (6H, dJ 6.6 Hz), 1.09
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(9H, d,J 15.1 Hz), 1.64-1.77 (1H, m), 2.09-2.13 (1H, m),023.37 (1H, m), 3.92-4.04 (1H, m),
4.31 (1H, bs), 7.39-7.55 (3H, m), 7.62-7.69 (2H; #)(126 MHz, CDC}) 17.7, 18.1, 24.2, 27.8 (d,
J64.5 Hz), 33.2 (d) 68.1 Hz), 34.5 (d] 10.0 Hz), 72.5 (d] 6.4 Hz), 128.3 (dJ 10.0 Hz), 131.1 (dJ
8.2 Hz), 131.6 (dJ 88.1 Hz), 131.4 (dJ 2.7 Hz);p (202 MHz, CDCY) 49.99; GCtg = 10.53 min;
GC-MS (El, 70 eV) m/z=250 (f4H,0) (3), 225 (56), 211 (31), 193 (16), 142 (27), 18%); 140
(34), 126 (31) 125 (100) 91 (13%).

4.2.26. (2-Hydroxy-2-methylpropyl)methyl-1-naphthylphosphine oxide (41). This compound was
prepared according to General Procedure A from tighd.-naphthylphosphine oxide (0.123 g, 0.6
mmol) and acetone (0.052 g, 0.9 mmol) as a whilid;sgeld 0.154 g (98%); mp 95.8-97.4 °g;
(AcOEt/MeOH 9:1) 0.43; [Found C, 68.75; H, 7.38s;40,P requires C, 68.69; H, 7.30%];max
(ATR) 3364, 3298, 2966, 2919, 1505, 1459, 1377612970, 1204, 1132, 1096, 1024, 984, 961, 907,
889, 834, 802, 774, 741, 550, 44Q;(500 MHz, CDC}) 1.26 (3H, s), 1.46 (3H, s), 2.00 (3H,Jd.2.9
Hz), 2.35-2.42 (1H, m), 2.49-2.58 (1H, m), 5.09 (bd), 7.55 (2H, ddd] 8.4 Hz, 7.3 Hz, 1.7 Hz),
7.58-7.64 (1H, m), 7.92 (1H, d,8.2 Hz), 8.01 (1H, dJ 8.2 Hz), 8.06 (1H, ddd] 14.6 Hz, 7.0 Hz,
1.1 Hz), 8.38 (1H, d] 8.5 Hz);d¢ (126 MHz, CDC}) 19.9 (d,J 69.9 Hz), 31.1 (d) 7.3 Hz), 31.7 (dJ
8.2 Hz), 43.3 (dJ 68.1 Hz), 70.8 (dJ 6.4 Hz), 124.7 (d) 12.7 Hz), 125.1 (d] 4.5 Hz), 126.2, 127.4,
129.5, 130.6 (dJ 93.6 Hz), 131.5 (d) 8.2 Hz), 132.0 (dJ 10.0 Hz), 132.9 (dJ 2.7 Hz), 133.7 (dJ
9.1 Hz);p (202 MHz, CDC}) 39.38; GCtg = 12.31 min; GC-MS (El, 70 eV) m/z=262 {M(10),
247 (50), 245 (14), 244 (25), 243 (23), 229 (573 £25), 203 (98), 190 (13), 189 (100), 181 (110 18
(15); 174 (13), 173 (36) 171 (19), 170 (12), 168)(142 (17), 141 (75), 128 (47); 127 (48), 126)(18
(100), 119 (31); 115 (35), 101 (11), 77 (23); 63%D.

4.2.27. (2-Hydroxy-3-methylpropyl)methyl-1-naphthylphosphine oxide (42). This compound was
prepared according to General Procedure A from tighd -naphthylphosphine oxide (0.216 g, 1.1
mmol) and isobutyraldehyde (0.114 g, 1.6 mmol)jdyief two diastereomers 0.273 g (94%), (dr =
50.5:49.5).

Major diastereomer: Yield 0.127 g (44% isolated as a pure compouwtijte solid; mp 97.7-99.7 °C;
R (Hexane/CHGi-PrOH 5:1:1) 0.38; [Found C, 69.63; H, 7.694H5,0,P requires C, 69.55; H,
7.66%];v max (ATR) 3249, 2958, 2906, 2874, 1505, 1460, 12991, 1024, 1000, 904, 823, 795,
769, 715, 509, 439, (500 MHz, CDC})) 0.93 (3H, dJ 6.9 Hz), 0.97 (3H, dJ) 6.3 Hz), 1.74-1.85
(1H, m), 2.02 (3H, dJ 12.6 Hz), 2.09-2.20 (1H, m), 2.28-2.44 (1H, m),044015 (1H, m), 4.52 (1H,
bs), 7.49-7.62 (2H, m), 7.62-7.67 (1H, m), 7.88872H, m), 8.04 (1H, d) 8.2 Hz), 8.60 (1H, dj
8.5 Hz);dc (126 MHz, CDC}) 16.7 (d,J 70.8 Hz), 17.7, 18.1, 34.6 (d,6.4 Hz), 34.9 (dJ 63.6 Hz),
72.1 (d,J5.4 Hz), 124.6 (d) 12.7 Hz), 125.6 (d) 4.5 Hz), 126.5, 127.6, 129.4, 129.9 J®4.5 Hz),
130.8 (dJ 9.1 Hz), 132.6 (dJ 8.2 Hz), 133.2 (d] 2.7 Hz), 133.8 (dJ 9.1 Hz);dp (202 MHz, CDC})
42.11; GCg = 12.89 min; GC-MS (El, 70 eV) m/z=276 (M14), 234 (11), 233 (80), 214 (30), 203
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(32), 190 (52) 189 (100), 175 (30), 173 (27), 174)( 141 (36), 128 (47); 127 (34), 126 (10) 115/(18
77 (16%).

Minor diastereomer: Yield 0.146 g (50% isolated as a pure compound)ite sticky solid; R
(Hexane/CHGi-PrOH 5:1:1) 0.56; [Found C, 69.68; H, 7.66,445:0.,P requires C, 69.55; H,
7.66%];v max (ATR) 3236, 2957, 2922, 2871, 1507, 1461, 12942, 1135, 1025, 987, 890, 801,
773, 451, 428y, (500 MHz, CDC}) 0.88 (3H, dJ 6.6 Hz), 0.88 (3H, dJ 6.9 Hz), 1.62-1.78 (1H,
m), 2.04 (3H, dJ 12.9 Hz), 2.20-2.41 (2H, m), 3.84-3.97 (1H, m),34(2H, bs), 7.52-7.67 (3H, m),
7.96 (1H, dJ 7.9 Hz), 8.00-8.16 (2H, m), 8.42 (1H, 38.5 Hz);oc (126 MHz, CDC}) 17.4, 18.0,
19.1 (d,J 69.9 Hz), 34.6 (dJ 12.7 Hz), 35.3 (dJ 69.9 Hz), 71.6 (dJ 5.4 Hz), 124.8 (dJ 12.7 Hz),
125.2 (d,J 3.6 Hz), 126.3, 127.4, 129.4 @91.7 Hz), 129.5, 132.1 (d,8.2 Hz), 132.5 (d] 9.1 Hz),
133.1 (d,J 2.7 Hz), 133.8 (dJ) 9.1 Hz);0r (202 MHz, CDC}) 40.79; GQr = 12.88 min; GC-MS (El,
70 eV) m/z= 276 (M) (14), 234 (11), 233 (77), 214 (18), 203 (37), 199) 189 (100), 175 (26), 174
(10), 171 (12), 141 (40), 128 (48); 127 (36), 128)(115 (19), 77 (20%).

4.3. General Procedure B. Attempted synthesis of €ljc Phosphine Oxides.

Method 1. In a flame-dried Schlenk tube (20 mL) equippedchwitagnetic stirrer and inert gas inlet
was placed (2-hydroxy-2-methylpropyl)methylphenypphine oxide Z0) (0.076g, 0.36 mmol) in
DCE (3 mL) and BEFOEt, (0.132 g 0.54 mmol) was added. Reaction was dtofeeflux for 4 hours.
After that time the reaction was cooled to roomgenature and quenched by addition g©H10 mL)
and extracted with DCM (3x20 mL). The combined oigghases were dried over Mg§@ltered,
and evaporated under reduced pressure. The resasigurified by column chromatography using
AcOEt/MeOH (v/v = 9:1) as eluent.

Method 2. In a flame-dried Schlenk tube (20 mL) equippedchwitagnetic stirrer and inert gas inlet
was placed (2-hydroxy-2-methylpropyl)methylphenypphine oxide Z0) (0.053g, 0.25 mmol) and
AcOH (1 mL) was added. Reaction was stirred of réemperature or reflux for 4 hours. The reaction
was guenched by addition of,® (10 mL) and extracted with DCM (3x20 mL). The doned
organic phases were dried over MgSfiltered and evaporated under reduced pressure.r@sidue

was purified by column chromatography using ACOEDH (v/v = 9:1) as eluent.

Method 3. In a flame-dried Schlenk tube (20 mL) equippedchwitagnetic stirrer and inert gas inlet
was placed (2-hydroxy-2-methylpropyl)methylphenygpphine oxide Z0) (0.072g, 0.33 mmol) and
HBF,;-OEt, (0.164 g 1.0 mmol) was added. Reaction was stiofeeflux for 4 hours. The reaction
was guenched by addition of,® (10 mL) and extracted with DCM (3x20 mL). The doned
organic phases were dried over MgSfiltered, and evaporated under reduced pres3ine residue

was purified by column chromatography using ACOEDH (v/v = 9:1) as eluent.
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Method 4. In a flame-dried Schlenk tube (20 mL) equippedchwitagnetic stirrer and inert gas inlet
was placed (2-hydroxy-2-methylpropyl)methylphenyigbhine oxide ?f) (0.072g, 0.34 mmol) and
TFA (1 mL) was added. Reaction was warmed td@5and stirred for 4 hours. The reaction was
quenched by addition of @ (10 mL) with NaHCQ and extracted with CHEI(3x20 mL). The
combined organic phases were dried over MgSidered, and evaporated under reduced pressure.

The residue was purified by column chromatograpgiggl/AcOEt/MeOH (v/v = 9:1) as eluent.

4.3.1. (2-Methylprop-1-enyl)(methylphenyl)phosphine oxide (35). This compound was prepared
according to General Procedure B, Method 3 from  hy@roxy-2-
methylpropyl)methylphenylphosphine oxid20f (0.072 g, 0.33 mmol) as a white sticky solid;lgie
0.041 g (63%)R: (AcOEt/MeOH 9:1) 0.36; [Found C, 68.09; H, 7.86;H;sOP requires C, 68.03; H,
7.78%];0y (500 MHz, CDC}) 1.69 (3H, dJ 13.2 Hz), 1.91 (3H, s), 1.98 (3H, dbl2.5 Hz,J 0.9 Hz),
5.67 (1H, dJ 26.2 Hz), 7.41-7.51 (3H, m), 7.68-7.76 (2H, ¥Y;(126 MHz, CDC}) 18.8 (d,J 74.5
Hz), 21.3 (dJ 8.2 Hz), 28.4 (dJ 17.3 Hz), 117.9 (d] 102.6 Hz), 128.4 (d 11.8 Hz), 129.9 (d] 10.0
Hz), 131.1 (dJ 2.7 Hz), 135.6 (dJ 101.7 Hz), 158.79r (202 MHz, CDC}) 24.52; GCtgr = 10.19
min; GC-MS (El, 70 eV) m/z=194 (W (32), 193 (100), 179 (19), 139 (59), 131 (16)) 188), 129
(26), 125 (15), 121 (12), 117 (13), 115 (26), 91)(48 (17), 77 (62), 69 (11), 65 (17), 63 (28), 55
(10), 53 (19), 51 (60), 50 (19), 47 (66%).

4.3.2. (2-Methylprop-2-enyl)(methylphenyl)phosphine oxide (36). This compound was prepared
according to General Procedure B, Method 3 from  hy@roxy-2-
methylpropyl)methylphenylphosphine oxid&)) (0.072 g, 0.33 mmol) as a white solid; yield GQfL
(23%); mp 56.3-58.4 °Q (AcOEt/MeOH 9:1) 0.45; [Found C, 68.11; H, 7.84;H;:OP requires C,
68.03; H, 7.78%]y max (ATR) 3409, 3061, 3054, 2939, 2912, 1712, 18437, 1293, 1169, 1111,
894, 740, 695, 530, 485, 43%; (500 MHz, CDCJ) 1.75 (3H, dJ 12.6 Hz), 1.78-1.82 (3H, m), 2.76
(2H, d,J 14.8 Hz), 4.70-4.75 (1H, m), 4.90-4.95 (1H, m)5#4.57 (3H, m), 7.69-7.77 (2H, mj;
(126 MHz, CDC}) 15.3 (d,J 71.8 Hz), 24.3, 41.9 (d,65.4 Hz), 115.5 (d] 10.0 Hz), 128.5 (d] 10.9
Hz), 130.2 (dJ 9.1 Hz), 131.6 (dJ 2.7 Hz), 133.6 (dJ 95.4 Hz), 137.0 (dJ 10.0 Hz);dp (202 MHz,
CDCls) 35.03; GCtgr = 10.00 min; GC-MS (El, 70 eV) m/z=194 {M16), 193 (37), 139 (100), 131
(13), 91 (37), 78 (11), 77 (53), 63 (11), 51 (3&),(11), 47 (30%).

4.4. General Procedure C for the Synthesis of Cycli Phosphine Oxides from -
hydroxyalkylphosphine oxides 14-34, 37-42

The alcohol14-34, 37-42 (0.1mmol) was stirred at 1T with 85% HPO, (6.3mmol) for 5 h. The
mixture was cooled below 10 and poured on to ice-water (10 mL). The soluticas extracted
with dichloromethane or chloroform (4x10 ml). Thguaous solution was washed with sodium
hydrogen carbonate solution (10 mL) and water (10.nthe extracts were dried over Mg§0O

filtered, and evaporated under reduced pressurerddidue was purified by column chromatography
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using CHCYMeOH (v/v = 15:1), AcOEt/MeOH (v/v = 9:1) or hex@@HCL/i-PrOH (v/v = 5:1:1) as

eluent.

4.4.1. 1,3-Dimethyl phosphindoline-1-oxide (14a). This compound was prepared according to General
Procedure C from (2-hydroxypropyl)methylphenylphispe oxide {4) (0.083 g, 0.42 mmol) as a
colorless oil; yield 81% (0.03 g, 34% isolated agpuwe compound). Isolated as a mixture of

diastereomers (dr = 56:44).

Major diastereomer: R; (EtOAc/MeOH 9:1) 0.349y (500 MHz, CDC}) 1.47 (3H, dJ 6.9 Hz), 1.67
(3H, d,J 12.9 Hz), 1.75-1.82 (2H, m), 3.16-3.29 (1H, m),2%#3.41 (2H, m), 7.48-7.55 (1H, m),
7.67-7.78 (1H, m)sc (126 MHz, CDCJ) 16.7 (d,J 67.2 Hz), 21.8 (dJ 9.1 Hz), 34.5 (dJ 4.5 Hz),
36.5 (d,J 69.0 Hz), 124.8 (dJ 11.8 Hz), 127.5 (dJ 3.6 Hz), 127.8 (dJ 9.1 HZ), 132.5 (dJ 2.7 Hz),
133.6 (d,J 99.9 Hz), 150.1 (dJ 28.2 Hz);ds (202 MHz, CDCJ) 53.50; GCtg = 9.72 min; GC-MS
(El, 70 eV) m/z=181 (M#1) (7), 180 (M) (55), 179 (39), 166 (10), 165 (100), 147 (39)7 {16), 116
(12), 115 (29) 91 (12%).

Minor diastereomer: R (EtOAc/MeOH 9:1) 0.349, (500 MHz, CDC}) 1.38 (3H, d,J 6.9 Hz), 1.82
(3H, d,J 13.6 Hz), 2.44-2.59 (2H, m), 3.59-3.73 (1H, m),2~8.40 (2H, m), 7.47-7.55 (1H, m),
7.67-7.78 (1H, m)yc (126 MHz, CDC}) 18.8 (d,J 67.2 Hz), 22.5 (dJ 7.3 Hz), 35.5 (dJ 69.0 Hz),
35.3(d,J4.5 Hz), 125.3 (dJ 11.8 Hz), 127.6 (d] 4.5 Hz), 127.7 (dJ 10.9 Hz), 132.7 (d) 1.8 Hz),
133.4 (d,J 99.0 Hz), 151.3 (dJ 28.2 Hz);0p (202 MHz, CDC}) 55.60; GCtgr = 9.50 min; GC-MS
(El, 70 eV) m/z=181 (NM#1) (14), 180 (M) (94), 179 (99), 166 (11), 165 (100), 149 (13)7 183),
145 (10), 117 (27), 116 (16), 115 (39) 91 (19%);

v max (ATR) for a mixture of diastereomers: 3238,297910, 2835, 1445, 1400, 1369, 1174, 1118,
1059, 884, 823, 764, 482, 442.

4.4.2. (Methylprop-1-enyl)(methylphenyl)phosphine oxide (14b). This compound was prepared
according to General Procedure C from (2-hydroxgphonethylphenylphosphine oxidd4) (0.083
g, 0.42 mmol) afforded the produbtb; conversion 8% (based 8P NMR spectra of the mixturefR
(EtOAc/MeOH 9:1) 0.34pp (202 MHz, CDC)) 26.12; GCtr = 8.39 min; GC-MS (EIl, 70 eV)
m/z=180 (M) (67), 179 (100), 165 (29), 147 (24), 139 (24% 126), 117 (40), 116 (25), 115 (31), 91
(22), 77 (41), 65 (10), 63 (11), 51 (31), 47 (49%).

4.4.3. (Methylprop-2-enyl)(methylphenyl)phosphine oxide (14c). This compound was prepared
according to General Procedure C from (2-hydroxgphonethylphenylphosphine oxidd4) (0.083
g, 0.42 mmol) afforded the produbtc conversion 5% (based P NMR spectra of the mixturefR
(EtOAc/MeOH 9:1) 0.34pp (202 MHz, CDCJ) 34.11; GCtr = 8.57 min; GC-MS (EIl, 70 eV)
m/z=180 (M) (6), 179 (14), 139 (100), 77 (23), 51 (13%).
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4.4.4. 1,4,4-Trimethyl-1,2,3,4-tetrahydr ophosphinoline-1-oxide (16a). This compound was prepared
according to General Procedure C from (2-hydroxyedhylbutyl)methylphenylphosphine oxideof
(0.432 g, 1.91 mmol) as a pale yellow oil; yield3D g (86%) of title compound containing 12% of
16b; R (AcOEt/MeOH 9:1) 0.264 (500 MHz, CDC}) 1.36 (3H, s), 1.37 (3H, s), 1.70 (3H,Jd12.0
Hz), 1.91-2.04 (1H, m), 2.07-2.21 (2H, m), 2.26°92(3H, m), 7.31-7.37 (1H, m), 7.40-7.50 (2H,
m), 7.79-7.89 (1H, m)jc (126 MHz, CDC}J) 17.4 (d,J 71.8 Hz), 23.5 (dJ 67.2 Hz), 30.9, 31.0, 34.9
(d,J 3.6 Hz), 35.5 (dJ 4.5 Hz), 126.6 (dJ 10.9 Hz), 126.6 (d) 9.1 Hz), 129.1 (dJ 93.5 Hz), 130.5
(d,J6.4 Hz), 131.9 (d) 2.7 Hz), 150.7 (dJ 7.3 Hz);0p (202 MHz, CDC}) 29.52; GCtg = 10.63 min;
GC-MS (El, 70 eV) m/z=208 (i) (29), 207 (14), 194 (12), 193 (100), 179 (13)8 120), 165 (23),
131 (15), 130 (24), 129 (21), 128 (13), 116 (125 122), 91 (16), 78 (30), 77 (13), 63 (11%).

Analytical data are in accordance with those regubin the literaturé®

4.4.5. 1,4,4-Trimethyl-1,2,3,4-tetrahydrophosphinoline-1-oxide (16b). This compound was prepared
according to General Procedure C from (2-hydroxyeéthylbutyl)methylphenylphosphine oxides|;
yield 54%, (isolated as a mixture of diastereonwnstaminated withl6a). R (AcCOEt/MeOH 9:1)
0.26; 04 (500 MHz, CDC)) (due to overlapping only selected peaks of emnage described) 1.08
(3H,d,J 7.6 Hz) and 1.14 (3H, d,6.9 Hz) and 1.17 (3H, d,6.8 Hz) and 1.17 (3H, d,6.8 Hz) and
1.20 (3H, dJ 7.3 Hz) and 1.22 (3H, d,6.9 Hz) and 1.28 (3H, d,7.3 Hz) and 1.41 (3H, d,7.3 Hz),
1.65 (3H, dJ12.4 Hz) and 1.65 (3H, d,12.0 Hz) and 1.69 (3H, d,12.8 Hz) and 1.71 (3H, 4,12.6
Hz), 2.12-2.25 (7H, m), 2.25-2.38 (3H, m), 2.3802(%H, m), 2.56-2.66 (1H, m), 2.66-2.73 (1H,
m), 2.79-2.89 (2H, m), 2.89-2.99 (1H, m), 7.13-7(18l, m), 7.19-7.23 (1H, m), 7.23-7.30 (2H,
m), 7.31-7.38 (4H, m), 7.39-7.48 (4H, m), 7.74-7@H, m);dp (202 MHz, CDC}) 24.82 and 26.00
and 27.86 and 31.53; GC peaktd = 10.45 min; GC-MS (El, 70 eV) m/z=208 (M21), 194 (12),
193 (100), 165 (22), 151 (11), 133 (23), 129 (145 (14), 91 (10); GC peak 2 = 10.64 min;
GC-MS (El, 70 eV) m/z=208 (W (42), 207 (12), 194 (12), 193 (100), 179 (27)8 1T5), 166 (25);
165 (72), 151 (17), 147 (15); 133 (35), 131 (180 120), 129 (25), 128 (17), 116 (14), 115 (28), 91
(21); GC peak 3tg = 10.69 min; GC-MS (EI, 70 eV) m/z=208 {M38), 194 (12), 193 (100), 179
(26), 178 (10), 166 (35); 165 (90), 151 (20), 143)( 133 (41), 131 (14), 130 (20), 129 (25), 128)(1
116 (10), 115 (23), 91 (18); GC peaktg¢= 10.77 min; GC-MS (El, 70 eV) m/z=208 (M19), 194
(12), 193 (100), 165 (18), 133 (19), 129 (14), (1B%).

4.4.6. 1,34,4-Tetramethyl-1,2,3,4-tetrahydrophosphinoline-1-oxide (17a). This compound was
prepared according to General Procedure C from y(Rexy-3,3-
dimethylbutyl)methylphenylphosphine oxid&7} (0.099 g, 0.41 mmol) as a colorless oll; yield/9

(isolated as a mixture containing 7%10t). Isolated as a mixture of diastereomers (dr 4486:

Major diastereomer: R (AcOEt/MeOH 9:1) 0.21 (500 MHz, CDC}) 1.10 (3H, ddJ 6.9 Hz,J 1.3
Hz), 1.20 (3H, s), 1.41 (3H, s), 1.68 (3H, H12.6 Hz), 1.91-2.00 (1H, m), 2.02-2.14 (1H, m),
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2.36-2.46 (1H, m), 7.28-7.35 (1H, m), 7.42-7.50 (21, 7.71-7.79 (1H, m)ic (126 MHz, CDC})
18.7 (d,J 71.8 Hz), 18.6 (dJ 10.9 Hz), 24.9, 30.0, 31.7 (d,67.2 Hz), 36.0 (dJ 4.5 Hz), 39.1 (dJ
4.5 Hz), 126.3 (dJ 10.9 Hz), 126.8 (d] 10.0 Hz), 128.9 (d] 94.5 Hz), 130.3 (dJ 8.2 Hz), 131.9 (d,
J 2.7 Hz), 151.0 (dJ 8.2 Hz);dp (202 MHz, CDC}) 26.18; GCig = 11.22 min; GC-MS (EI, 70 eV)
m/z=222 (M) (22), 208 (13), 207 (100), 193 (27), 192 (19)0 184), 179 (45), 165 (78), 147 (17),
145 (22), 144 (37), 143 (11), 133 (10), 129 (2@8 (19), 117 (10), 115 (29), 91 (17) 79 (19), 7B)(4
77 (17), 63 (11) 47 (10%).

Minor diastereomer: R (AcOEt/MeOH 9:1) 0.21, (500 MHz, CDC}) 1.15 (3H, ddJ 6.6 Hz,J 1.6
Hz), 1.26 (3H, s), 1.33 (3H, s), 1.67 (3H,H12.9 Hz), 2.14-2.21 (2H, m), 2.23-2.32 (1H, m),
7.29-7.35 (1H, m), 7.41-7.51 (2H, m), 7.82-7.88 (ft}; 6c (126 MHz, CDC}) 18.3 (d,J 61.8 Hz),
18.5 (d,J 10.9 Hz), 25.6, 29.6, 31.5 (d4,66.3 Hz), 37.6 (dJ 3.6 Hz), 39.0 (dJ 4.5 Hz), 126.5 (dJ
10.9 Hz), 126.6 (d] 10.0 Hz), 129.5 (d) 91.7 Hz), 130.0 (d) 6.4 Hz), 131.9 (dJ 2.7 Hz), 150.7 (d,

J 8.2 Hz);6p (202 MHz, CDC}) 27.43; GOz = 11.00 min; GC-MS (El, 70 eV) m/z=222 (M59),
221 (12), 207 (62), 193 (28), 192 (17), 180 (18p 185), 166 (18), 165 (100), 154 (21), 147 (225 1
(22), 144 (29), 143 (12), 133 (14), 130 (11), 129)( 128 (22), 117 (17), 116 (11), 115 (38), 103 (1
91 (23) 79 (20), 78 (77), 77 (22), 63 (14) 47 (12%)

4.4.7. 1,334 -Tetramethyl-1,2,3,4-tetrahydrophosphinoline-1-oxide (17b). This compound was
prepared according to General Procedure C from y{reixy-3,3-
dimethylbutyl)methylphenylphosphine oxid&7f (0.099 g, 0.41 mmol) afforded the producib;
yield 7% (isolated as a mixture wiftYa); R (AcOEt/MeOH 9:1) 0.21y (500 MHz, CDCJ) (due to
overlapping only selected peaks are described) (BHZ2s) and 1.33 (3H, s) and 1.29 (3H, s) and 1,31
(3H, s), 1.66 (3H, dJ 12.9 Hz) and 1.70 (3H, d, 12.3 Hz);dp (202 MHz, CDC}) 24.89 Major
diastereomer) and 27.15 ppmMinor diastereomer). GC (Major diastereomer) tr = 10.49 min;
GC-MS (El, 70 eV) m/z=222 (i} (26), 208 (10), 207 (100), 193 (41), 192 (16)) 188), 179 (20),
166 (16), 165 (62), 151 (28), 149 (11), 145 (14 (33), 143 (10), 133 (50), 130 (11), 129 (308 12
(21), 117 (11), 115 (22), 103 (11), 91 (17), 79)(2ZB (95), 77 (25), 63 (17), 51 (10), 47 (11); GC
(Minor diastereomer) tg = 10.79 min; GC-MS (El, 70 eV) m/z=222 (M23), 207 (44), 193 (20), 180
(12), 179 (12), 166 (42), 165 (100), 151 (35), 149), 144 (15), 143 (10), 133 (43), 129 (14), 128
(10), 115 (14), 91 (12), 79 (13), 78 (40), 77 (17%)

4.4.8. 1,4-Dimethyl-1,2,3,4-tetrahydrophosphinoline-1-oxide (18a). This compound was prepared
according to General Procedure C from (2-hydroxylnethylphenylphosphine oxidd.§) (0.149 g,

0.70 mmol) as a colorless oil; yield 0.054 g (40%0lated as a mixture of diastereomers (dr = 51:49

Major diastereomer: R (ACOEY/MeOH 9:1) 0.158, (500 MHz, CDC}) 1.35 (3H, d,J 7.3 Hz), 1.64
(3H, dd,J 12.6 Hz,J 0.6 Hz), 1.99-2.13 (2H, m), 2.29-2.42 (2H, m),628.04 (1H, m), 7.25-7.29
(1H, m), 7.29-7.35 (1H, m), 7.37-7.45 (1H, m), =785 (1H, m)sc (126 MHz, CDCI3) 17.7 (d)
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69.9 Hz), 22.4, 24.6 (d} 68.1 Hz), 27.6 (dJ 4.5 Hz), 34.2 (dJ 4.5 Hz), 126.7 (dJ 10.9 Hz), 128.4
(d, J 9.1 Hz), 129.8 (dJ 92.6 Hz), 130.4 (dJ 7.3 Hz), 131.6 (dJ 2.3 Hz), 147.5 (dJ 7.3 Hz);Js
NMR (202 MHz, CDC}) 29.30; GCtg = 11.51 min; GC-MS (El, 70 eV) m/z=194 {M(27), 183
(10), 182 (100), 181 (34), 168 (11), 167 (99), 189), 133 (12), 130 (12), 125 (10), 115 (22), 103
(12), 91 (21), 77 (25), 51 (12), 47 (17%).

Minor diastereomer: R; (ACOEt/MeOH 9:1) 0.15), (500 MHz, CDC}) 1.29 (3H, d,J 6.9 Hz), 1.69
(3H, d,J 12.9 Hz), 1.79-1.94 (1H, m), 2.12-2.24 (3H, m),33:8.13 (1H, m), 7.19-7.24 (1H, m),
7.29-7.35 (1H, m), 7.38-7.45 (1H, m), 7.75-7.86 ,(i); 6c (126 MHz, CDC}) 17.7 (d,J 70.8 Hz),
21.7, 23.3 (dJ 68.1 Hz), 27.3 (dJ 5.4 Hz), 34.2 (dJ 5.4 Hz), 126.8 (dJ 10.9 Hz), 128.1 (dJ 9.1
Hz), 129.7 (dJ 92.6 Hz), 130.4 (d) 8.2 Hz), 131.6 (dJ 2.3 Hz), 147.1 (dJ 7.3 Hz);Jp (202 MHz,
CDCly) 28.05; GCtg = 11.47 min; GC-MS (El, 70 eV) m/z=194 (M(73), 193 (28), 192 (45), 182
(81), 183 (10), 181 (41), 177 (18), 168 (34), 160Q), 149 (47), 133 (21), 131 (11), 130 (20), 129
(24), 128 (13), 116 (12), 115 (35), 103 (17), 92)(F8 (12), 77 (37), 65 (11), 63 (13), 51 (17), 47
(23%);

v max (ATR) for a mixture of diastereomers: 3254,298917, 2849, 1683, 1407, 1295, 1258, 1124,
1060, 953, 872, 797, 761, 691, 489.

4.4.9. 1,3,3-Trimethylphosphindoline-1-oxide (20a). This compound was prepared according to
General Procedure C from (2-hydroxy-2-methylpropyhylphenylphosphine oxid@@ (0.074 g,
0.35 mmol) as a white oil, except when the prodvas purified by distillation, b.p. 115-12Q at 0.1
mmHg, which crystallised in the receiver but cootut be isolated in the crystalline form due to the
high hygroscopicity; yield 0.05 g (74%R: (AcOEt/MeOH 9:1) 0.30; [Found C, 68.09; H, 7.82.
C11H1s0P requires C, 68.03; H, 7.78%]max (ATR) 3410, 2960, 2910, 2864, 16341592, 144831
1406, 1294, 1269, 1185, 1151, 1135, 1068, 892, Ba8, 481, 439, (500 MHz, CDC}) 1.37 (3H,

s), 1.49 (3H, s), 1.78 (3H, d,13.2 Hz), 2.04-2.15 (1H, m), 2.17-2.30 (1H, m),0~B.44 (2H, m),
7.47-7.57 (1H, m), 7.65-7.74 (1H, nd); (126 MHz, CDC}) 18.6 (d,J 67.2 Hz), 31.4 (dJ 5.4 Hz),
32.6 (d,J 4.5 Hz), 41.6 (dJ 4.5 Hz), 42.6 (dJ 69.0 Hz), 123.9 (d) 12.7 Hz), 127.7 (d) 6.4 Hz),
127.8 (d,J 5.4 Hz), 132.6 (dJ 98.1 Hz), 133.0 (dJ 1.8 Hz), 155.3 (dJ 27.2 Hz);dp (202 MHz,
CDCls) 52.60; GCtg = 8.16 min; GC-MS (El, 70 eV) m/z=194 (\M(49), 193 (42), 180 (11), 179
(100), 133 (17), 116 (12), 115 (33), 91 (15%). Atiahl data are in accordance with those reported i

the literature?®

4.4.10. 3-Butyl-1,3-dimethylphosphindoline-1-oxide (21a). This compound was prepared according to
General Procedure C from (2-hydroxy-2-methylhexgdmylphenylphosphine oxid1); conversion
13% (based offP NMR spectra) as a mixture wiilb, 21cand21d; dp (202 MHz, CDC}) 56.20 and
55.52; GC-MS analyses are included in the suppprtiaterial.

30



4.4.11. 1,3-Dimethyl-4-propyl-1,2,3,4-tetrahydrophosphinoline-1-oxide (21b). This compound was
prepared according to General Procedure C fromy(2exy-2-methylhexyl)methylphenylphosphine
oxide @1); conversion 45% (based 6P NMR spectra) as a mixture wigla 21cand21d; 5p (202
MHz, CDCk) 22.90 and 25.58 and 27.72 and 31.43; GC-MS aeslgse included in the supporting

material.

4.4.12. 1,4-Dimethyl-4-propyl-1,2,3,4-tetrahydrophosphinoline-1-oxide (21c). This compound was
prepared according to General Procedure C fromy(R2exy-2-methylhexyl)methylphenylphosphine
oxide @1); conversion 10% (based 6P NMR spectra) as a mixture wigtla 21b and21d; *'P
NMR (202 MHz, CDC)): § = 26.55 and 26.89; GC-MS analyses are includethénsupporting

material.

4.4.13. (3-Hydroxy-2-methyl hexyl)methyl phenyl phosphine oxide (21d). This compound was prepared
according to General Procedure C from (2-hydroxye&thylhexyl)methylphenylphosphine oxide
(21); conversion 32% (based 8P NMR spectra) as a mixture wifia 21b and21g dp (202 MHz,

CDCl;) 36.17 and 37.30 and 37.66 and 38.74; GC-MS aeslyse included in the supporting

material.

4.4.14. 1,3-Dimethyl-3-n-propylphosphindoline-1-oxide (22a). This compound was prepared
according to General Procedure C from (2-hydroxpethylpentyl)methylphenylphosphine oxide
(22); conversion 3% (based 6P NMR spectra) as a mixture wi#2b, 22c and22d; 5 (202 MHz,
CDCls) 53.35 and 53.67; GC-MS analyses are includedearstipporting material.

4.4.15. 4-Ethyl-1,3-dimethyl-1,2,3,4-tetrahydrophosphinoline-1-oxide (22b). This compound was
prepared according to General Procedure C frony{Rexy-2-methylpentyl)methylphenylphosphine
oxide @2); conversion 36% (based 8P NMR spectra) as a mixture wif2a 22c and22d; Jp (202
MHz, CDCk) 22.56 and 25.12 and 27.14 and 30.8; GC-MS amalgse included in the supporting

material.

4.4.16. 4-Ethyl-1,4-dimethyl-1,2,3,4-tetrahydrophosphinoline-1-oxide (22c). This compound was
prepared according to General Procedure C frony{Rexy-2-methylpentyl)methylphenylphosphine
oxide @2); conversion 3% (based dfP NMR spectra) as a mixture wiftRa, 22b and 22d; (202
MHz, CDCLk) 28.97 and 29.26; GC-MS analyses are includeddrstpporting material.

4.4.17. (3-Hydroxy-2-methyl pentyl)methyl phenyl phosphine-1-oxide (22d). This compound was
prepared according to General Procedure C frony{Rexy-2-methylpentyl)methylphenylphosphine
oxide @2); conversion 58% (based 8P NMR spectra) as a mixture witia 21b and21¢ Jp (202
MHz, CDCk) 35.41 and 37.23 and 38.44 and 41.41; GC-MS aeslgee included in the supporting

material.
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4.4.18. 3-Ethyl-1,3-dimethylphosphindoline-1-oxide (25a.) This compound was prepared according to
General Procedure C from (2-hydroxy-2-methylbutgdnylphenylphosphine oxide2); yield 3%
(isolated as a mixture of diastereomers contamihbiel6b). R (EtOAc/MeOH 9:1) 0.269y (500
MHz, CDCE) (due to overlapping only selected peaks are desty 0.82 (3H, tJ 7.6 Hz) and 0.83
(3H, 1,3 7.6 Hz), 1.34 (3H, s) and 1.45 (3H, s), 1.78 (3H] 8i2.9 Hz) and 1.79 (3H, d,12.9 Hz),
2.08-2.14 (2H, m), 2.14-2.17 (2H, m), 7.50-7.57 (&}, 7.66-7.73 (2H, m)jp (202 MHz, CDC})
53.84 and 54.20.

Major diastereomer: GCtg = 10.15 min; GC-MS (El, 70 eV) m/z=208 {M10), 193 (70), 180 (13),
179 (100), 133 (11), 128 (10), 116 (11), 115 (87)(13%).

Minor diastereomer: GCtr = 10.03 min; GC-MS (El, 70 eV) m/z=208 (M16), 193 (64), 180 (43),
179 (100), 165 (18), 133 (18), 128 (10), 116 (125 (33), 91 (14%).

4.4.19. 1,3,3,4,4-Pentamethyl-1,2,3,4-tetrahydrophosphinoline-1-oxide (26a). This compound was
prepared according to General Procedure C from  y@@exy-2,3,3-
trimethylbutyl)methylphenylphosphine oxid2gj (0.174 g, 0.68 mmol) as a colorless oil; yiel@a2
g (45%); R (AcOEt/MeOH 9:1) 0.19; [Found C, 71.28; H, 9.174H;,0P requires C, 71.16; H,
8.96%)]; 0y (500 MHz, CDC}) 1.04 (3H, dJ 1.3 Hz), 1.13 (3H, dJ 1.6 Hz), 1.23 (3H, s), 1.38 (3H,
s), 1.64 (3H, dJ 12.6 Hz), 2.05-2.36 (2H, m), 7.27-7.35 (1H, m)8%B.50 (2H, m), 7.75-7.87 (1H,
m); oc (126 MHz, DMSO-d6) 19.1 (d] 71.8 Hz), 24.7, 24.9, 25.5 (d,8.2 Hz), 25.9 (dJ 8.2 Hz),
37.0 (d,J 3.6 Hz), 39.9 (dJ 64.8 Hz), 41.4 (dJ 5.4 Hz), 125.0 (dJ 10.0 Hz), 125.5 (d) 10.9 Hz),
129.9 (d,J 6.4 Hz), 130.4 (dJ 89.9 Hz), 131.1 (dJ 2.7 Hz), 150.2 (dJ 8.2 Hz);dp (202 MHz,
CDCly) 23.51; GCig = 11.41 min; GC-MS (El, 70 eV) m/z=236 {M(19), 221 (32), 193 (47), 180
(25), 179 (57), 166 (11), 165 (100), 158 (11), 1B4), 147 (17), 128 (11), 115 (23) 91 (13%).

4.4.20. Methylphenyl((9H-fluoren-9-yl)methyl)phosphine oxide (28a). This compound was prepared
according to General Procedure C from (2-hydro@flphenylethyl)methylphenylphosphine oxide
(28) (0.055 g, 0.16 mmol) as a brown sticky solid]die.012 g (22%)R; (CHCL/MeOH 15:1) 0.62;
[Found C, 79.32; H, 6.14.,6H,40P requires C, 79.23; H, 6.02%];max (ATR) 3730, 3052, 2920,
2851, 1708, 1589, 1436, 1294, 1255, 1149, 1109, B&4, 733, 691, 495, (500 MHz, CDCJ) 1.75
(3H, d,J 12.9 Hz), 2.51-2.65 (2H, m), 4.21 (1H, dt17.9 Hz,J 5.7 Hz), 7.12-7.20 (1H, m),
7.20-7.27 (1H, m), 7.28-7.33 (1H, m), 7.33-7.42 (2}, 7.46-7.60 (3H, m), 7.66-7.74 (2H, m),
7.75-7.82 (2H, m), 7.88-7.98 (1H, nd); (126 MHz, CDC}) 17.2 (d,J 70.8 Hz), 36.3 (d) 68.1 Hz),
41.4 (d,J 3.6 Hz), 119.7 (d) 5.4 Hz), 124.6, 125.6, 127.1, 127.4 Jd,2.7 Hz), 128.8 (d) 11.8 Hz),
130.2 (d,J 9.1 Hz), 131.8 (dJ 2.7 Hz), 133.9 (dJ 96.3 Hz), 140.5 (dJ 13.6 Hz), 146.8 (dJ) 11.8
Hz), 146.8 (d,J 10.0 Hz);Jr (202 MHz, CDC}) 36.02; GCtg = 9.47 min; GC-MS (El, 70 eV)
m/z=181 (14), 180 (100), 152 (58), 151 (27), 158)(¥6 (29), 75 (11), 63 (16%).
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4.4.21. 3-Dibutyl-1-methylphosphindoline-1-oxide (29a). This compound was prepared according to
General Procedure C from (2-butyl-2-hydroxyhexyfiimggphenylphosphine oxide?29); conversion
9% (based ofP NMR spectra) as a mixture wig®b, 29c and29d; Jp (202 MHz, CDC}) 56.78; GC-

MS analyses are included in the supporting material

4.4.22. 3-n-Butyl-4-n-propyl-1-methyl-1,2,3,4-tetrahydrophosphinoline-1-oxide (29b). This compound
was prepared according to General Procedure C from(2-butyl-2-
hydroxyhexyl)methylphenylphosphine oxid29); conversion 22% (based 6P NMR) spectra as a
mixture with29a 29c and29d; Jr (202 MHz, CDC}) 22.57 and 25.68 and 27.72 and 31.81; GC-MS

analyses are included in the supporting material.

4.4.23. 4-n-Butyl-4-n-propyl-1-methyl-1,2,3,4-tetr ahydr ophosphinoline-1-oxide (29¢). This compound
was prepared according to General Procedure C from(2-butyl-2-
hydroxyhexyl)methylphenylphosphine oxid29); conversion 4% (based fP NMR) spectra as a
mixture with29a, 29b and29d; Jr (202 MHz, CDCY{) 29.39 and 29.68; GC-MS analyses are included

in the supporting material.

4.4.24. (2-Butyl-3-hydroxyhexyl)methyl phenyl phosphine-1-oxide (29d). This compound was prepared
according to General Procedure C from (2-butyl-8rbyxyhexyl)methylphenylphosphine oxid2gj;
conversion 65% (based dfP NMR spectra) as a mixture wit9a 29b and 29¢, dp (202 MHz,
CDCl3) 36.99 and 37.69 and 38.17 and 41.81; GC-MS aeslyse included in the supporting

material.

4.4.25. 3-i-Propyl-1,4,4-trimethyl-1,2,3,4-tetrahydr ophosphinoline-1-oxide (30a). This compound was
prepared according to General Procedure C from  y@dxy-2i-propyl-3-
methylbutyl)methylphenylphosphine oxid@({ (0.112 g, 0.42 mmol) as a colorless oil; yieldwd
diastereomers 0.018 g (18%), (dr = 51:49).

Major diastereomer: Yield 0.010 g (10% isolated as a pure compountblorless oil; R
(EtOAc/MeOH 9:1) 0.21; [Found C, 72.09; H, 9.33:H3:0P requires C, 71.97; H, 9.26%]; (500
MHz, CDCk) 0.90 (3H, dJ 6.6 Hz), 1.05 (3H, dJ 6.9 Hz), 1.22 (3H, s), 1.27-1.37 (1H, m), 1.49
(3H, s), 1.67-1.72 (1H, m), 1.74 (3H,H12.9 Hz), 2.06-2.14 (1H, m), 2.23-2.30 (1H, m),9~2.35
(1H, m), 7.45-7.50 (1H, m), 7.51-7.56 (1H, m), #7279 (1H, m)dc (126 MHz, CDC}) 17.5 (d,J
72.7 Hz), 18.4, 23.3 (d,69.0 Hz), 24.1, 25.6, 27.2 (d,10.9 Hz), 29.0, 40.8 (d), 3.6 Hz), 43.9 (d)
3.6 Hz), 126.2 (dJ 10.9 Hz), 127.4 (d] 10.0 Hz), 129.6 (d] 97.2 Hz), 130.1 (d] 7.3 Hz), 131.9 (d,

J 2.7 Hz), 152.3 (dJ 8.2 Hz);r (202 MHz, CDCY) 28.72; GCtg = 11.88 min; GC-MS (El, 70 eV)
m/z=250 (M) (6), 235 (35), 208 (14), 207 (100), 193 (18), 192), 180 (15), 179 (37), 168 (11), 165
(65), 147 (12), 129 (16), 128 (13), 115 (20), 92%).
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Minor diastereomer: Yield 0.008 g (8% isolated as a pure compounalprtess oilR; (EtOAc/MeOH
9:1) 0.26; [Found C, 72.11; H, 9.39,:8,50P requires C, 71.97; H, 9.26%}; (500 MHz, CDC})
0.91 (3H, dJ 6.6 Hz), 1.00 (3H, d) 6.6 Hz), 1.24-1.29 (1H, m), 1.31 (3H, s), 1.45 (38H,1.71 (3H,
d, J 12.3 Hz), 1.73-1.82 (1H, m), 2.05-2.13 (1H, m),322.35 (1H, m), 7.30-7.39 (1H, m),
7.45-7.49 (2H, m), 7.81-7.90 (1H, nd); (126 MHz, CDC}) 17.1 (d,J 72.7 Hz), 18.2, 23.3 (d,69.0
Hz), 24.1, 26.6, 27.4 (d,12.7 Hz), 29.2, 40.6 (d} 3.6 Hz), 47.8 (dJ 2.7 Hz), 126.5 (dJ 10.9 Hz),
126.8 (d,J 10.0 Hz), 129.7 (d) 97.2 Hz), 130.3 (d] 6.4 Hz), 132.0 (dJ 1.8 Hz), 152.4 (d) 9.1 Hz);
dp (202 MHz, CDC}) 32.40; GCtg = 11.76 min; GC-MS (El, 70 eV): m/z=250 {M15), 235 (16),
208 (15), 207 (100), 194 (12), 193 (47), 192 (18R, (18), 180 (18), 179 (49), 168 (48), 166 (1865 1
(89), 154 (20), 147 (18), 133 (12), 130 (11), 129)( 128 (18), 117 (11), 116 (10), 115 (29), 91
(18%).

4.4.26. 3-Diethyl-1-methyl phosphindoline-1-oxide (31a). This compound was prepared according to
General Procedure C from 1-[(methyl)phenylphospylii®-ethylbutan-2-ol 81); conversion 1%
(based or'P NMR spectra); Isolated as a mixture wahb, 22c and 31d; Jp (202 MHz, CDC}))
54.74.

4.4.27. 3-Ethyl-1,4-dimethyl-1,2,3,4-tetrahydrophosphinoline-1-oxide (31b). This compound was
prepared according to General Procedure C usirngth§2-2-hydroxybutyl)methylphenylphosphine
oxide 31); conversion 65% (based 3P NMR spectra); Yield 47%, isolated as a mixturén\gila,
22cand31d.

Major diastereomer (isolated as a mixture with other compounds): tess oil; R (EtOAc/MeOH
9:1) 0.37;0y (500 MHz, CDC}J) 1.00 (3H, tJ 7.4 Hz), 1.19 (3H, dJ 8.5 Hz), 1.39-1.50 (1H, m),
1.50-1.59 (1H, m), 1.67 (3H, d,12.3 Hz), 1.93-2.04 (1H, m), 2.06-2.16 (2H, m),423.04 (1H,
m), 7.16-7.22 (1H, m), 7.33-7.38 (1H, m), 7.40-7(@A, m), 7.80-7.88 (1H, m)jc (126 MHz,
CDCl,) 11.6, 17.0, 18.1 (dl 71.8 Hz), 27.9 (d) 67.2 Hz), 28.4 (d) 15.4 Hz), 38.5 (dJ 3.6 Hz), 39.0
(d,J 2.7 Hz), 127.0 (dJ 10.9 Hz), 129.4 (dJ 93.6 Hz), 129.1 (dJ 10.0 Hz), 130.5 (dJ 7.3 Hz),
131.8 (dJ 1.8 Hz), 148.9 (dJ 8.2 Hz);0p (202 MHz, CDC}) 31.75; GQr = 11.08 min; GC-MS (El,
70 eV) m/z=222 (M) (15), 207 (33), 194 (14), 193 (88), 180 (12), 139), 167 (11), 166 (32), 165
(100), 151 (24), 147 (13), 145 (22), 144 (11), 183, 129 (30), 128 (18), 116 (15), 115 (28), 90)(2
79 (35), 78 (31), 77 (25), 63 (13), 47 (11%).

Mixture of minor diastereomers: colorless oil;R: (EtOAc/MeOH 9:1) 0.37py (500 MHz, CDCJ)):
(due to overlapping only selected peaks are de=styib.95 (3H, tJ 7.4 Hz) and 0.97 (3H, § 7.4
Hz), 1.06 (3H, dJ 7.3 Hz) and 1.26 (3H, d,7.3 Hz) and 1.41 (3H, d,7.3 Hz), 1.65 (3H, dJ 12.3
Hz) and 1.69 (3H, d] 12.3 Hz) and 1.71 (3H, d,12.3 Hz), 2.45-2.53 (1H, m) and 2.86-2.90 (1H,
m), 3.02-3.07 (1H, m)Jp (202 MHz, CDC}) 27.75 and 25.75 and 23.59; (compound 1) tz€
10.94 min; GC-MS (El, 70 eV) m/z=222 {M(7), 207 (20), 194 (28), 193 (26), 180 (17), 139),
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167 (12), 166 (12), 165 (100), 147 (12), 133 129 (16), 115 (19), 91 (16), 78 (28), 77 (24), 66)(1
51 (10), 47 (11); (compound 2) G&= 11.20 min; GC-MS (El, 70 eV) m/z=222 {M14), 207 (43),
194 (14), 165 (100), 151 (11), 133 (23), 129 (I8 (12), 115 (16), 91 (13), 78 (16), 77 (15);
(compound 3) G@g = 11.27 min; GC-MS (El, 70 eV) m/z=222 (M9), 207 (34), 194 (16), 165
(100), 151 (13), 133 (25), 129 (12), 128 (18), {45, 91 (13), 78 (14), 77 (11%).

4.4.28. 5-Methyl-2,3,3a,4,5,9b-hexahydro-1H-cyclopenta] ¢] phosphinoline-5-oxide  (32a).  This
compound  was prepared according to  General ProeeduC  from [(2-
hydroxy)cyclopentylmethyl)]methylphenylphosphineidiex 32) (0.062 g, 0.26 mmol) afforded the
product32a(0.22 g, 0.1 mmol); yield 38% (52:48 dr).

Major diastereomer: colorless oil;R: (EtOAc/MeOH 9:1) 0.285, (500 MHz, CDCY) 1.50-1.64 (2H,
m), 1.74 (3H, dJ 12.9 Hz), 1.77-1.86 (2H, m), 2.01-2.09 (2H, m),92P.16 (1H, m), 2.17-2.25
(1H, m), 2.93-3.04 (1H, m), 3.19-3.28 (1H, m), #2427 (1H, m), 7.29-7.35 (1H, m), 7.40-7.46
(1H, m), 7.68-7.74 (1H, myic (126 MHz, CDC}) 16.4 (d,J 72.6 Hz), 22.5, 28.8 (d,69.0 Hz), 32.8,
32.9 (d,J 4.5 Hz), 34.1 (dJ 13.6 Hz), 44.8 (dJ 6.4 Hz), 126.4 (dJ 10.9 Hz), 128.4 (d] 96.3 Hz),
129.4 (d,J 9.1 Hz), 130.1 (dJ 9.1 Hz), 131.7 (d) 1.8 Hz), 144.5 (dJ 8.2 Hz);dr (202 MHz, CDC))
27.30; GCtg = 12.34 min; GC-MS (El, 70 eV) m/z=221 (ML) (12), 220 (M) (91), 219 (79), 205
(11), 193 (12), 192 (100), 191 (33), 179 (11), 165), 141 (14), 133 (16), 130 (14), 129 (35), 128
(28), 116 (18), 115 (40), 91 (14%).

Minor diastereomer: colorless oil;R; (EtOAc/MeOH 9:1) 0.42; [Found C, 71.12; H, 8.16:H;,0P
requires C, 70.89; H, 7.78%¢ (500 MHz, CDC}) 1.66 (3H, d,J 12.6 Hz), 1.73-1.84 (3H, m),
1.86-1.95 (1H, m), 2.00-2.12 (3H, m), 2.14-2.24 (1k}, 2.51-2.65 (1H, m), 3.06-3.22 (1H, m),
7.19-7.24 (1H, m), 7.29-7.38 (1H, m), 7.39-7.46 (1), 7.85-7.95 (1H, m)jc (126 MHz, CDC}))
17.3 (d,J 69.9 Hz), 22.4, 28.8 (d,67.2 Hz), 33.4, 34.4 (d| 14.5 Hz), 36.7 (dJ 2.7 Hz), 44.6 (dJ
5.4 Hz), 126.6 (dJ 10.0 Hz), 129.2 (d]) 96.4 Hz), 129.5 (d] 10.0 Hz), 130.0 (d) 6.4 Hz), 131.7 (d,

J 1.8 Hz), 144.5 (dJ 9.1 Hz);0p (202 MHz, CDCJ) 30.78; GC tR = 12.03 min; GC-MS (El, 70 eV)
m/z=221 (M+1) (12), 220 (M) (91), 219 (74), 217 (10), 205 (24), 192 (62), 198), 180 (11), 179
(100), 178 (11), 166 (42), 165 (75), 155 (11), 158), 149 (12), 143 (11), 141 (26), 139 (16), 133
(26), 130 (11), 129 (37), 128 (39), 127 (10), 113)( 116 (32), 115 (65), 92 (11), 91 (43) 89 (12%).

4.4.29. 5-Methyl-5,6,6a,7,8,9,10,10a-octahydr ophosphanthridine-5-oxide (33a). This compound was
prepared according to General Procedure C from [(1-
hydroxy)cyclohexylmethyl)]Jmethylphenylphosphine @&i@33) (0.054 g, 0.21 mmol) as a pale yellow
oil; yield 0.013 g (27%). Isolated as a mixturedadstereomers (dr = 17:11:50:28;(EtOAc/MeOH
9:1) 0.42.
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on (500 MHz, CDC)) (due to overlapping only selected peaks are desty 1.67 (3H, dJ 12.6 Hz)
and 1.69 (3H, dJ 12.6 Hz) and 1.72 (3H, d,12.6 Hz) and 1.74 (3H, d,12.6 Hz); 2.41-2.46 (1H,
m) and 2.51-2.59 (1H, m) and 2.76-2.86 (1H, m) a&r®B-2.94 (1H, m), 7.15-7.20 (1H, m),
7.21-7.25 (1H, m), 7.30-7.38 (2H, m), 7.39-7.46 (b}, 7.47-7.51 (1H, m), 7.75-7.82 (1H, m),
7.82-7.93 (1H, m)yp (202 MHz, CDC}) 26.73 and 28.50 and 30.62 and 32.71;tc€ 12.72 min;
GC-MS (El, 70 eV) m/z=234 (M (83), 233 (38), 219 (20), 205 (39), 193 (21), 198), 191 (98),
180 (23), 179 (100), 178 (14), 166 (17), 165 (454 (11), 141 (16), 133 (21), 129 (26), 128 (32)] 1
(12), 116 (28), 115 (52), 91 (30) 89 (10); and 3G 12.84 min; GC-MS (El, 70 eV) m/z= 234 (M
(65), 233 (21), 219 (17), 206 (11), 205 (34), 128)( 192 (100), 191 (19), 165 (12), 141 (11), 133
(13), 129 (21), 128 (20), 116 (13), 115 (27), 94)(Iand GCtg = 12.88 min; GC-MS (El, 70 eV)
m/z=234 (M) (87), 233 (38), 219 (22), 206 (12), 205 (53), 128), 192 (100), 191 (39), 180 (12),
165 (16), 143 (11), 141 (16), 133 (13), 129 (3@3 128), 116 (19), 115 (38), 91 (19); and GG
12.91 min; GC-MS (El, 70 eV) m/z=234 (M(89), 233 (42), 219 (17), 206 (15), 205 (61), 123),
192 (100), 191 (48), 179 (14), 165 (15), 143 (121 (18), 133 (16), 129 (30), 128 (26), 116 (1716 1
(33), 91 (21%).

Isolated single diastereomer: o, (500 MHz, CDCY) 1.27-1.56 (4H, m), 1.69 (3H, d, 12.6 Hz),
1.72-1.77 (1H, m), 1.81-1.88 (1H, m), 1.88-2.01 ,(2h), 2.03-2.16 (1H, m), 2.16-2.27 (1H, m),
2.31-2.43 (1H, m), 2.45-2.63 (1H, m), 7.30-7.39 (&}, 7.40-7.53 (2H, m), 7.75-7.94 (1H, rdy;
(126 MHz, CDCY) 17.7 (d,J 71.8 Hz), 25.8 (d 2.7 Hz), 26.6, 31.8, 34.8 (d67.2 Hz), 34.9 (d) 3.6
Hz), 36.6 (dJ 14.5 Hz), 44.8 (dJ 4.5 Hz), 126.5 (dJ 10.9 Hz), 126.6 (d] 11.8 Hz), 130.4 (dJ 7.3
Hz), 131.1 (d,) 69.9 Hz), 131.7 (d) 1.8 Hz), 145.6 (dJ 8.2 Hz);5p (202 MHz, CDCJ) 26.70; GOy

= 12.84 min; GC-MS (El, 70 eV) m/z=234 {M(65), 233 (21), 219 (17), 206 (11), 205 (34), 193
(15), 192 (100), 191 (19), 165 (12), 141 (11), 183), 129 (21), 128 (20), 116 (13), 115 (27), 91
(14%).

4.4.30. 3,3-Dimethyl-1-phenylphosphindoline-1-oxide (37a). This compound was prepared according
to General Procedure C from (2-hydroxy-2-methylgtigpphenylphosphine oxide8{) (0.116 g, 0.42
mmol) as a pale yellow solid; yield 0.09 g (79%) 104.8-106.1C; R (EtOAc/MeOH 9:1) 0.66;
[Found C, 74.84; H, 6.52.,¢H:;0P requires C, 74.99; H, 6.69%]max (ATR) 3054, 2964, 2909,
2862, 1589, 1445, 1439, 1264, 1195, 1138, 11096,1867, 771, 742, 698, 538, 499, 48Q;(500
MHz, CDCk) 1.44 (3H, s), 1.57 (3H, s), 2.19-2.32 (1H, mB3%2.46 (1H, m), 7.34-7.41 (1H, m),
7.41-7.49 (3H, m), 7.49-7.54 (1H, m), 7.54-7.66 ,(4H); oc (126 MHz, CDC}) 30.9 (d,J 8.2 Hz),
33.2 (d,J 2.7 Hz), 42.0 (dJ 4.5 Hz), 43.7 (dJ 70.8 Hz), 123.8 (dJ 13.6 Hz), 127.8 (dJ 10.0 Hz),
128.5 (d,J 12.7 Hz), 128.9 (dJ 9.1 Hz), 131.0 (dJ 10.9 Hz), 131.7 (d) 100.8 Hz), 131.7 (d] 2.7
Hz), 133.2 (d,J 2.7 Hz), 133.7 (d) 99.0 Hz), 157.3 (d] 27.2 Hz);6p (202 MHz, CDC}) 48.53; GQr

= 12.54 min; GC-MS (El, 70 eV) m/z=257 {M(16), 256 (95), 255 (70), 242 (16), 241 (100)917
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(11), 165 (16), 163 (49), 133 (24), 116 (24), 13B)( 91 (23%). Analytical data are in accordance
with those reported in the literatufe??

4.4.31. 3,3-Dimethyl-1-tert-butyl phosphindoline-1-oxide (38a). This compound was prepared
according to General Procedure C from (2-hydroxyethylpropyl)t-butylphenylphosphine oxide
(38) (0.102 g, 0.41 mmol) as a white solid; yield 0g0@1%); mp 101.6-103L; R (AcOEt/MeOH
9:1) 0.40; [Found C, 71.08; H, 8.81,48,,0P requires C, 71.16; H, 8.96%];max (ATR) 2951,
2900, 2864, 1593, 1469, 1440, 1363, 1269, 11865,11537, 1064, 825, 763, 742, 625, 484(500
MHz, CDCk) 1.19 (9H, dJ 14.8 Hz), 1.42 (3H, s), 1.44 (3H, s), 1.93-2.04 ,(it), 2.04-2.13 (1H,
m), 7.26-7.37 (2H, m), 7.46-7.52 (1H, m), 7.62-7(®H, m);oc (126 MHz, CDC}) 24.6, 30.4 (dJ
8.2 Hz), 32.7 (dJ) 69.0 Hz), 34.4 (d) 1.8 Hz), 36.6 (dJ) 62.7 Hz), 41.5 (d) 2.7 Hz), 124.1 (d) 11.8
Hz), 127.3 (dJ 10.0 Hz), 128.8 (dJ 8.2 Hz), 130.2 (dJ 90.8 Hz), 132.9 (dJ) 1.8 Hz), 157.2 (dJ
25.4 Hz);6p (202 MHz, CDC}) 68.92; GCtg = 10.17 min; GC-MS (El, 70 eV) m/z=236 (M(5),
181 (12), 180 (100), 179 (30), 165 (66), 147 (4883 (12), 115 (19%).

4.4.32. 4,4-Dimethyl-1-phenyl-1,2,3,4-tetrahydrophosphinoline-1-oxide (39a). This compound was
prepared according to General Procedure C frony@exy-3-methylbutyl)diphenylphosphine oxide
(39 (0.120 g, 0.42 mmol) as a pale yellow solid; ¢i€.070 g (62%); mp 96.2-97.TC; R
(AcOEt/MeOH 9:1) 0.60; [Found C, 75.73; H, 7.2746G,OP requires C, 75.54; H, 7.08%]max
(ATR) 3422, 3056, 2924, 2869, 1592, 1478, 1433913076, 1113, 1067, 881, 878, 746, 743, 697,
491; oy (500 MHz, CDC}) 1.41 (3H, s), 1.45 (3H, s), 1.89-2.04 (1H, m)1222.33 (2H, m),
2.36-2.49 (1H, m), 7.27-7.31 (1H, m), 7.40-7.46 (8}, 7.48-7.53 (3H, m), 7.56-7.65 (3H, riy;
(126 MHz, CDC}) 24.4 (d,J 69.0 Hz), 31.1, 31.1, 34.3 (d,4.5 Hz), 35.6 (dJ 5.4 Hz), 126.5 (dJ
10.9 Hz), 126.6 (d] 9.1 Hz), 127.5 (d) 96.3 Hz), 128.4 (d] 11.8 Hz), 131.1 (d] 10.0 Hz), 131.5 (d,
J2.7 Hz), 132.18 (d] 2.7 Hz), 132.21 (d] 7.3 Hz), 134.2 (d) 100.8 Hz), 152.2 (d] 8.2 HZz);dp (202
MHz, CDCk) 26.02; GCtr = 13.64 min; GC-MS (El, 70 eV) m/z=270 (M41), 269 (22), 256 (18),
255 (100), 227 (13), 179 (48), 149 (13), 140 (438 (12), 131 (11), 130 (18), 129 (20), 128 (1261
(13), 116 (12), 115 (25), 91 (22), 77 (19), 51 (42 (30%). Analytical data are in accordance with
those reported in the literatut®.

4.4.33. 1-t-Butyl-4,4-dimethyl-1,2,3,4-tetrahydrophosphinoline-1-oxide (40a). This compound was
prepared according to General Procedure C fromy@exy-3-methylbutyl)t-butylphenylphosphine
oxide @0) (0.118 g, 0.44 mmol) as a pale yellow sticky gofiield 0.103 g (93%)R (AcCOEt/MeOH
9:1) 0.38; [Found C, 71.83; H, 9.14,:8,;0P requires C, 71.97; H, 9.26%];max (ATR) 3409,
2958, 2865, 1475, 1363, 1148, 1105, 901, 872, 844, 741, 669, 626, 478;, (500 MHz, CDC})
1.21 (9H, dJ 14.2 Hz), 1.31 (3H, s), 1.37 (3H, s), 1.88-2.05,(&t), 2.15-2.33 (2H, m), 7.27-7.34
(1H, m), 7.41-7.51 (2H, m), 7.79-7.91 (1H, @y;(126 MHz, CDC}) 19.2 (d,J 61.8 Hz), 25.2, 29.7,
31.8, 33.4 (dJ 69.9 Hz), 34.2 (dJ 4.5 Hz), 35.4 (dJ 4.5 Hz), 125.7 (dJ 10.0 Hz), 126.8 (d] 86.3
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Hz), 126.7 (dJ 9.1 Hz), 131.6 (dJ 2.7 Hz), 131.9 (dJ 6.4 Hz), 152.2 (dJ 6.4 Hz):5p (202 MHz,
CDCly) 38.94; GCtg = 11.55 min; GC-MS (El, 70 eV) m/z=250 {M3), 195 (13), 194 (100), 193
(51), 179 (93), 166 (19), 165 (15), 161 (11), 152)( 151 (22), 147 (15), 133 (19), 131 (10), 128)(1
128 (14), 116 (11), 115 (24), 91 (16%).

4.4.34. 1,3,3-Trimethyl-1-oxa-1-phospha-2,3-dihydrophenalene (41a). This compound was prepared
according to General Procedure C from (2-hydroxwethylpropyl)methyl-1-naphthylphosphine
oxide @1) (0.152 g, 0.58 mmol) as a pale yellow solid; ¢i6l107 g (76%); mp 164.1-165C ; R
(AcOEt/MeOH 9:1) 0.23; [Found C, 73.82; H, 7.08¢H3,0P requires C, 73.76; H, 7.01%]max
(ATR) 3382, 3042, 2959, 2918, 1496, 1464, 1334512981, 1149, 1065, 892, 834, 783, 762, 510,
435; 6y (500 MHz, CDC}) 1.61 (3H, s), 1.65 (3H, s), 1.75 (3H,Jd12.6 Hz), 2.24 (1H, dd] 14.8 Hz,

J 5.0 Hz), 2.47 (1H, dd] 8.0 Hz,J 15.1 Hz), 7.44-7.54 (1H, m), 7.56-7.62 (1H, m§47(1H, d,J
7.3 Hz), 7.77 (1H, dJ 7.9 Hz), 8.02 (1H, dJ 8.2 Hz), 8.09 (1H, dd) 14.0 Hz,J 7.1 Hz);Jc (126
MHz, CDCk) 18.8 (d,J 72.7 Hz), 32.4 (dJ) 6.4 Hz), 32.9 (dJ 12.7 Hz), 36.2 (dJ) 4.5 Hz), 40.3 (dJ
66.3 Hz), 123.9, 124.9 (d,12.7 Hz), 126.1, 127.6, 128.1 @93.5 Hz), 129.6, 129.7 (d,6.4 Hz),
133.2 (d,J 2.7 Hz), 133.7 (dJ 9.1 Hz), 142.9 (dJ 6.4 Hz);0p (202 MHz, CDC}) 24.37; GCtg =
13.24 min; GC-MS (El, 70 eV) m/z=244 (M(22), 229 (53), 181 (20), 180 (54), 173 (16), 167),
166 (17), 165 (59), 153 (10), 152 (34), 115 (18)(100).

4.4.35. 3-Ethyl-1,3-dimethyl-1-oxa-1-phospha-2,3-dihydrophenalene (42a). This compound was
prepared according to General Procedure C from y@exy-3-methylpropyl)methyl-1-
naphthylphosphine oxide42) (0.094 g, 0.34 mmol) as a yellow sticky solidelgi 0.010 g (12%).

Isolated as a mixture of diastereomers (dr = 62.5)3

Major diastereomer: R (ACOEt/MeOH 9:1) 0.304; (500 MHz, CDC}) 0.76 (3H, tJ 7.3 Hz), 1.61
(3H, s), 1.74 (3H, dJ 12.9 Hz), 1.89-2.04 (2H, m), 2.16-2.23 (1H, m),325.66 (1H, m), 7.49-7.55
(1H, m), 7.57-7.60 (1H, m), 7.60-7.65 (1H, m), Z783 (1H, m), 8.03-8.07 (1H, m), 8.07-8.16
(1H, m);dc (126 MHz, CDCY) 9.1, 19.3 (d,) 74.5 Hz), 28.8 (d] 12.7 Hz), 35.6 (d] 5.4 Hz), 38.6 (d,
J66.3 Hz), 39.6, 125.0, 125.2, 125.8, 127.7, 128,2 02.6 Hz), 129.9 (d] 6.4 Hz), 133.3 (dJ 2.7
Hz), 133.8 (dJ 9.1 Hz), 141.6 (d] 6.4 Hz);5p (202 MHz, CDC}) 24.52; GOg = 11.63 min; GC-MS
(El, 70 eV) m/z=258 (N) (38), 243 (27), 230 (15), 229 (100), 215 (13)4198), 181 (30), 180 (23),
179 (10), 167 (33), 166 (19), 165 (70), 153 (16 43), 121 (11%).

Minor diastereomer: R (AcOEt/MeOH 9:1) 0.30yy (500 MHz, CDC{) 0.95 (3H, tJ 7.4 Hz), 1.62
(3H, s), 1.75-1.82 (3H, m), 1.85 (3H,112.9 Hz), 2.15-2.22 (1H, m), 7.48-7.55 (1H, m) 6~B5.60
(1H, m), 7.60-7.66 (1H, m), 7.77-7.84 (1H, m), &82D7 (1H, m), 8.07-8.16 (1H, M) (126 MHz,
CDCI3) 8.8, 18.7 (dJ 70.8 Hz), 31.3 (dJ 6.4 Hz), 36.0 (dJ 50.9 Hz), 36.3 (d) 5.4 Hz), 39.6, 124.9,
125.1, 126.1, 128.0 (d,92.6 Hz), 127.7, 129.7 (d,6.4 Hz), 133.5 (dJ 2.7 Hz), 134.0 (d) 9.1 Hz),
141.3 (d,J 6.4 Hz); 6p (202 MHz, CDC}) 25.18ppm. GClr = 11.88 min; GC-MS (El, 70 eV)
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m/z=258 (M) (20), 243 (13), 230 (19), 229 (100), 194 (32)1 181), 167 (21), 166 (13), 165 (48),
153 (10), 152 (27), 115 (12%);

v max (ATR) for a mixture of diastereomers: 3396, 298920, 2873, 1635, 1497, 1457, 1295, 1172,
1141, 995, 893, 826, 775, 431.

4.4.36. 7,10,10-Trimethyl-7-oxa- 7-phospha-7,8,9,10-tetr ahydr ocycl ohepta[ de] naphthal ene (42b). This
compound was prepared according to General Proggddrom (2-hydroxy-3-methylpropyl)methyl-
1-naphthylphosphine oxiddZ) (0.094 g, 0.34 mmol) as a yellow sticky solicelgi 0.012 g (14%)R
(AcOEt/MeOH 9:1) 0.21; [Found C, 74.59; H, 7.624€OP requires C, 74.40; H, 7.41%]; (500
MHz, CDCk) 1.72 (3H, s), 1.76 (3H, d, 12.9 Hz), 1.77 (3H, s), 2.02-2.22 (2H, m), 2.2202(2H,
m), 7.50-7.56 (2H, m), 7.79-7.89 (3H, m), 8.46-8(%B, m); Jc (126 MHz, CDC§) 17.1 (d,J 70.8
Hz), 22.0 (dJ 71.8 Hz), 29.3, 30.2, 37.1 (d5.4 Hz), 38.8 (dJ 3.6 Hz), 125.45, 125.50 (d,6.6 Hz),
126.7, 127.8 (dJ 94.5 Hz), 127.6, 128.3 (d,10.0 Hz), 129.7, 131.0 (d,10.0 Hz), 132.4 (d} 5.4
Hz), 147.9 (dJ 6.4 Hz);p (202 MHz, CDC}) 31.44; GCtr = 14.70 min; GC-MS (El, 70 eV)
m/z=258 (M) (41), 257 (30), 244 (17), 243 (100), 215 (11)1 182), 180 (34), 179 (31), 178 (16),
166 (29), 165 (62), 153 (21), 152 (35), 141 (128 119), 121 (11), 115 (15), 78 (19), 63 (21%).

4.5. Supplementary data
Supplementary dataH, °*C and*'P NMR spectras of the products) associated withatticle can be
found in the online version, at http://dx.doi.oi@/1016/....

4.6. Acknowledgments

Financial support from National Science Centre (3ON-BIS funding scheme, grant no.
2012/07/E/ST5/00544) is kindly acknowledged.

4.7. References and notes

[1]  For the synthesis of phosphetanes, see: a)ridiri A.; Kruger, V.; Buzin, F. XTetrahedron Lett. 1997, 38, 2947; b) Marinetti, A.;
Jus, S; Labrue, F.; Lemarchand, A.; Genét, J.-RarR, L. Synthesis 2001, 2095; c) Marinetti, A.; Labrue, F.; Genét, J.-Bmlett
1999 1975; d) Berens, U.; Burk M. J.; Gerlach, A.; HgrdV. Angew. Chem. Int. Ed. Engl. 200Q 39, 1981. For the synthesis of
phospholanes, see: a) Holz, J.; Quirmbach, M.; &ithrid.; Heller, D.; Sturmer, R.; Borner, A. Org. Chem. 1998 63, 8031, b)
Carmichael, D.; Doucet, H.; Brown, J. Nbhem. Commun. 1999 261; c¢) Burk, M. JJ. Am Chem. Soc. 1991 113, 8518; d)
Dzhemilev, U. M.; Ibragimov, A. G.; Gilyazev, R. ;RKhafizova, L. O.Tetrahedron 2004 60, 1281. For the synthesis of
phosphorinanes, see: a) Ostermeier, M;rde Helmchen, GAngew. Chem. Int. Ed. 2002 41, 612; b) Mathey, F.; Mercier, F.;
Charrier, CJ. Am. Chem. Soc. 1981 103, 4595; c) Novéak, T; Deme, J.; Ludanyi, K.; Kegtevi G.Heteroatom. Chem. 2008 19, 28.
For the synthesis of phosphepines, see: a) Schuvhafirevitt, M.; Redd, A.; Gouverneur, YAngew. Chem. Int. Ed. 200Q 39, 2491;
b) Lewis, J. C.; Berman, A. M.; Bergman, R. G.)nidh, J. AJ. Am. Chem. Soc. 2008 130, 2493; c) Gladiali, S.; Dore, A.; Fabbri,
D.; De Lucci, O.; Manassero, Metrahedron: Asymmetry 1994 5, 511.

[2] a) Tang, W.; Zhang, XAngew. Chem. Int. Ed. 2002 41, 1612; b) Hoge, Gl. Am. Chem. Soc. 2003 125, 10219; ¢) Zhang, X.; Huang,
K.; Hou, G.; Cao, B.; Zhang, XAngew. Chem. Int. Ed. 201Q 49, 6421; d) Liu, D.; Zhang, ZEur. J. Org. Chem. 2005 646; €)

39



(3]

(4]

(5]
6l

(7]
(8]

(9]
[10]

[11]

[12]

[13]

[14]
[15]
[16]
[17]
(18]

[19]
[20]
[21]
[22]

Shimizu, H.; Saito, T.; Kumobayashi, dv. Synth. Catal. 2003 345, 185; f) Imamoto, T.; Krépy, K.; Katagiri, Kletrahedron:
Asymmetry 2004 15, 2213.

a) Hoge, GJ. Am. Chem. Soc. 2004 126, 9920; b) Vedejs, E.; Daugulis, O.; Harper, L. MacKay, J. A.; Powell, D. RJ. Org.
Chem. 2003 68, 5020.

a) Lall-Ramnarine, S. |.; Mukhlall, J. A.; Wiah, J. F.; Engel, R. R.; Romero, A. R.; Gohdo, Ramati, S.; Berman, M.; Suarez, S.
N. Bellstein J. Org. Chem. 2014 271; b) Baccolini, G.; Micheletti, G.; Boga, £.Org. Chem. 2009 74, 6812.

Middlemas, E. D.; Quin, L. DJ. Org. Chem. 1979 44, 2587.

a) Leconte, M.; Jourdan, I.; Pagano, S.; Lefeb¥.; Basset, J.-MJ, Chem. Soc., Chem. Commun. 1995 857; b) Wu, X.; O'Brien, P.;
Ellwood, S.; Secci, F.; Kelly, BOrg. Lett. 2013 15, 192.

Douglas, M. R.; Marks, T. J. Am. Chem. Soc. 200Q 122, 1824.

a) Brunker, T. J.; Anderson, B. J.; Blank, N; Glueck, D. S.; Rheingold, A. IOrg. Lett. 2007, 9, 1109; b) Fisher, H. C.; Berger, O.;
Gelat, F.; Montchamp, J.-IAdv. Synth. Catal. 2014 356, 1199.

Carr, D. J.; Kudavalli, J. S.; Dunne, K. S.; Mi+Bunz, H.; Gilheany, D. Gl. Org. Chem. 2013 78, 10500.

a) Rowley, L. E.; Swan, J. Muust. J. Chem. 1974 27, 801; b) Diaz, A. A.; Young, J. D.; Khan, M. A.;&Wmschulte, R. Jnorg.
Chem. 2006 45, 5568.

a) Dilbeck, G. A.; Morris, D. L.; Berlin, K. DJ. Org. Chem. 1975 40, 1150; b) El-Deek, M.; Macdonell, G. D.; Venkatarg S. D.;
Berlin, K. D. J. Org. Chem. 1976 41, 1403; c) Gurusamy, N.; Berlin, K. D.; van der ielD.; Hossain, M. BJ. Am. Chem. Soc.
1982 104, 3107; d) Bogachenkov, A. S.; Dogadina, A. V.; Bskiy, V. P.; Vasilyev, A. VOrg. Biomol. Chem. 2015 13, 1333.

a) Grayson, J. |.; Norrish, H. K.; Warren,JSChem. Soc., Perkin Trans. 1 1976 2556; b) Edwards, P. G.; Paisey, S. J.; Tooz&.R.
J. Chem. Soc., Perkin Trans. 1 200Q 3122.

a) Muci, A. R.; Campos, K. R.; Evans, D. AAm. Chem. Soc. 1995 117, 9075; b) Gammon, J. J.; Canipa, S. J.; O'BrienKély,
B.; Taylor, S. Chem. Commun. 2008, 3750; c) Graegndl; Secci, F.; Canipa, S. J.; O'Brien, P.;Ké8. J. Org. Chem. 2011, 76,
4794; d) Popovici, C.; Ona-Burgos, P.; FernandeRadces, L.; Garcia-Granda, S.; Iglesias, M. dpdz Ortiz, FOrg. Lett. 201Q
12, 428.

Baldwin, J. EJ. Chem.Soc., Chem. Commun. 1976 734.

Gilmore, K.; Alabugin, I. VChem. Rev. 2011, 111, 6513.

Stankew, M.; Wiodarczyk, A.; Jakiiska, M.; Parcheta, R.; Pietrusiewicz, K. Mtrahedron 2011 67, 8671.
Baptistella, L. H. B.; Aleixo, A. MLiebigs Ann. Chem. 1994 785.

Bergin, E.; O'Connor, C. T.; Robinson, S. Bl¢Garrigle, E. M.; O'Mahony, C. P.; Gilheany, D. &.Am. Chem. Soc. 2007, 129,
9566.

Edwards, P. G.; Paisey, S. J.; Toose, R. €hem. Soc., Perkin Trans. 1 200Q 3122.

Grayson, J. |.; Norrish, H. K.; Warren, 5Chem. Soc., Perkin Trans. 1 1976 2556.

Cann, P. F.; Howells, D.; Warren,BChem. Soc., Perkin Trans. 2 1972, 304.

Barteis, B.; Clayden, J.; Martin, C. G.; Nais@\.; Russell, M. G. Warren, S. Chem. Soc., Perkin Trans. 1 1999 1807.

40



