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An efficient, highly enantioselective methodology for the
synthesis of a-phosphanyl ketones 7 and 2-phosphanyl alco-
hols 12 and 13, important hemilable ligands for enantioselec-
tive homogeneous catalysis and chiral building blocks in ge-
neral, has been developed. The key step of this first enantio-
selective synthesis of a-phosphany! ketones is the diastereo-
selective phosphanylation of SAMP hydrazones 2 to produce
a-phosphanyl hydrazones, isolated as the more stable borane
adducts 6. Subsequent ozonolysis afforded a-phosphanyl ke-
tones 7. The enantioselective synthesis of 2-phosphanyl alco-

hols 12 and 13 has been accomplished by two fundamentally
different procedures: the phosphanylation of unsubstituted
chiral aldehyde hydrazones 9 and the alkylation of a-diphen-
ylphopshanyl acetaldehyde SAMP hydrazone 10. After sepa-
ration of the minor diastereomer, the borane-protected a-
phosphanyl aldehyde hydrazones 11 were converted to un-
protected 2-phosphanyl alcohols 13 by ozonolysis, reduction
and removal of the borane group. The absolute configuration
of the functionalized phosphanes was determined by X-ray
analysis, NOE experiments or polarimetry.

Introduction

1. Functionalized phosphanes containing an additional
oxygen donor functionality, e.g. estersl!], ketones!], ethersl’]
and alcohols, are used as hemilabile ligands in homo-
geneous catalysist®. a-Phosphany! ketones are successfully
used as ligands in the Shell Higher Olefin Process
(SHOP)!®®!, Phosphanyl alcohols are especially interesting as
they may be used either directly or after further transfor-
mation to ethers or phosphites. Despite the utility of enan-
tiopure a-phosphanyl ketones and phosphanyl alcohols for
enantioselective catalysis, asymmetric syntheses of these im-
portant classes of compounds have hardly been investi-
gated.

Shaw!” and Brunner® obtained achiral a-phosphanyl ke-
tones by nucleophilic addition of phosphides to w-halogeno
ketones. Braunstein® as well as Demerseman and
Dixneufl!% synthesized a-phosphanyl ketones by electro-
philic substitution of ketones with chlorodiphenylphos-
phane. In a similar way, Shaw!'!l and Cole-Hamilton!'? iso-
lated diastereo- and enantiomerically pure 3-endo-diphenyl-
phosphanyl camphor starting from camphor or 3-endo-
bromocamphor. Synthetic access to enantiomerically en-
riched phosphanyl alcohols or the related phosphanyl
ethers has most frequently been provided by nucleophilic
addition of phosphides to chiral oxiranes!!*! or by selective
substitution of hydroxy groups from chiral pool sub-
stances!'l. Brunner developed the first enantioselective syn-
thesis of a diphosphanyl alcohol!! starting from cinnamic
alcohol by Sharpless epoxidation and subsequent addition
of a phosphide. Kagan reported on the isolation of enantio-
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merically pure 2-phosphanyl alcohols by addition of di-
phenylphosphide to racemic oxiranes and subsequent enzy-
matic resolution!'®!, The reaction of (S)-styrene oxide with
lithium diphenylphosphide gave two enantiomerically pure
regioisomers!!”. Borner and Kagan synthesized enantio-
merically pure cis- and trans-diphenylphosphanyl tetra-
hydrofurans starting from L-ascorbic and D-isoascorbic
acid!'®, respectively. Especially remarkable are Hayashi’s
enantiomerically pure, axially chiral phosphanyl ethers!'®
and Takaya’s phosphane phosphite BINAPHOS?? which
are synthesized via the corresponding phosphanyl alcohol.

In continuation of our efforts to explore the utility of the
SAMP/RAMP hydrazone methodology?!l, we have re-
cently reported on the first enantioselective synthesis of «-
phosphanyl ketones by asymmetric carbon—phosphorus
bond formation at an a-position to a carbonyl group®?,
Furthermore, we have accomplished a novel enantioselec-
tive access to 2-phosphanyl alcohols!*?. We now wish to
report on these novel procedures in detail and on alterna-
tive routes to 2-phosphanyl alcohols.

Results and Discussion

For the enantioselective synthesis of a-phosphanyl ke-
tones, the ketones 1 were reacted with (S)-1-amino-2-meth-
oxymethylpyrrolidine (SAMP) affording the corresponding
SAMP hydrazones (S)-2 (Table 1)), After deprotonation
with LDA at 0°C for 4 h in THF, the resulting azaenolates
were cooled to —78°C before treatment with chlorodiphen-
ylphosphane. After 14 h at —78°C and aqueous work-up at
0°C, the (Z)-configured «-phosphanyl hydrazones (S,R)-3
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were isolated in good yields (70—79%) and with good dia-
stereomeric excess (de = 80—85%) (Scheme 1, Table 2).

Table 1. Ketone SAMP hydrazones 2 prepared

Rl R2  yield [%]
(S)-2a Et  Me 85
($)-2b Pr  Et 76
(Ry-2ba Pr Et 77
(5)-2¢ Bu Pr 75
(S)-2d Ph  Me 87

* RAMP was used as chiral auxiliary.

Scheme 1. Synthesis of o-phosphanyl ketone SAMP hydrazones
(S,R)-3 and hydrazone cleavage experiments
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Table 2. o-Phosphanyl ketone hydrazones 3 prepared by phospha-
nylation of ketone SAMP hydrazones 2 with chlorodiphenylphos-
phane

R2 yield de(2)
[%]  [%]
(SR}3a Et Me 70 80
(SR)3b Pr Et 69 80
(SR-3¢ Ph Me 79 85

entry R!

The subsequent cleavage of the chiral auxiliary was inves-
tigated with the phosphanyl hydrazone (S.R,Z)-3a (de =
80Y%4). The best non-oxidative method for the cleavage of
the C=N double bond was acid hydrolysis in the two-phase
system 2.5 N HCl/n-pentane, which gave the o-phosphanyl
ketone 4 in 50% yield but only 21% ee. Ozonolysis gave the
corresponding phosphane oxide 5 in 72% yield as a racemic
mixture. As ozonolysis is one of the mildest methods for
regenerating the carbonyl function from SAMP hydrazones,
the racemization of the phosphane oxide was presumably
due to oxidation of the phosphorus to produce the anal-
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ogous 1,3-dicarbonyl system 5 and not due to the C=N
bond cleavage.

The well-documented stability of phosphane-borane ad-
ducts under oxidative conditions was used to prevent oxi-
dation of the phosphorus during ozonolysis!>*. The phos-
phorus—boron bond was formed by the reaction of the
chlorophosphanes with a borane source such as the borane-
methyl sulfide complex as reported by Schmidbaur?’. Re-
action of these electrophiles with the deprotonated ketone
SAMP hydrazones (S)-2 at —100°C and aqueous work-up
at 0°C gave the airstable, borane-protected a-phosphanyl-
hydrazones (S,R)-6 mainly as (Z)-isomers with regard to
the C=N-double bond (Scheme 2). After flash chromatog-
raphy the (Z)-configured isomers were isolated in good
yields (79—86%) and with excellent diastereomeric excesses
(de = 95-98%). The (E)-configured isomers were obtained
in 2 to 10% yield and with diastereomeric excesses of 0 to
10% (6a,b,d) and 56% (3c¢), respectively. Only the diisopro-
pylphosphanyl hydrazone 6e isomerized to the thermo-
dynamically favored (E)-form without epimerisation (Table
3).

Scheme 2. Enantioselective synthesis of borane-protected c-phos-

phanyl ketones (R)-7
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Ozonolysis of the (Z)-configured hydrazones (S,R)-6 gave
the a-phosphanyl ketones 7 in 71—84% yield as colourless
crystals (7a—c) or oils (7d, e) (Table 4). The enantiomeric
excesses (91—97%) were almost as high as the diastereo-
meric excesses of the hydrazones (S,R)-6. The optical an-
tipodes (S)-7 are synthesized by simply using the enantiom-
eric hydrazine RAMP instead of SAMP as chiral auxiliary
as shown in example 7b.

The diastereomeric excesses of the a-phosphanyl hydra-
zones 6 were determined by 'H and '*C NMR spectroscopy.
The enantiomeric excesses of the a-phosphanyl ketones
were measured by 'H NMR experiments using (—)-(R)-1-
(9-anthryl)-2,2,2-trifluoroethanol as chiral cosolvent and by
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Table 3. Borane-protected a-phosphanyt ketone SAMP hydrazones
6 prepared by phosphinylation of ketone SAMP hydrazones 2 with
chlorophosphane-borane adducts

yield yield yield lelp™ de

entry Rl R2 R3 (@& () (Z+E) (c¢=1,CHCl3) (2
(%] [%] (%) 1%}
(S R)-6a Et Me Ph 81 10 91 +95.2 96
(S, R)-6b Pr Et  Ph 86 2 88 +130.9 98
(RS)-6ba Pr Et Ph 85 3 88 -132.1 98
(S,R)-6¢ Bu Pr Ph 79 8 87 +114.2 98
(SR-6d Ph Me Ph 86 2 88 +297.5 95
(S.R)-6¢ Pr Et  iPr b b 80 +261.8¢ 96 d

2 RAMP was used as chiral auxiliary. — ® Only total yield determi-
ned. — ¢ Optical rotation of the (E)-isomer; (Z) -isomer is always
contaminated with ca. 10% of the (E)-isomer. — 9 Compound iso-
merizes without epimerisation.

Table 4. a-Phosphanyl ketones 7 prepared by ozonolysis of a-phos-
phanyl ketone hydrazones 6

folp? ee

%] (c=1,CeHe) [*%]

entry Rl R2 R3 yield

(R-7a Et Me Ph 84 +71.7 94
(R-76 Pr Bt Ph 78 +78.8 97
(5-7ba Pr Et Ph 77 —81.4 97
(R7¢ Bu Pr Ph 76 +73.1 97
(®-7d Ph  Me Ph 71 +14.9 91
(R-7e¢  Pr  Et iPr 78 +2015 92

4 RAMP was used as chiral auxiliary.

comparison with the racemic mixtures prepared via the cor-
responding N,N-dimethylhydrazones!?®!,

Figure 1 shows the determination of the enantiomeric ex-
cesses of the a-phosphanyl ketone (R)-7b. The signal of the
methine proton is split into a doublet of doublets of doub-
lets by coupling to the diastereotopic methylene protons
(J = 11.8 Hz, J = 2.9 Hz) and to phosphorus (3Jyp = 11.8
Hz). The 'H-NMR shift spectrum of the racemate shows
separate signals for each enantiomer, whereas the 'H-NMR
shift spectrum of the a-phosphanyl ketone (R)-7b synthe-
sized by the method described in this paper only shows the
signal of one enantiomer (ee = 97%).

The absolute configuration of the newly generated stere-
ogenic centre was determined by X-ray analysis and NOE
experiments. The X-ray analysis of the (E)-configured
minor diastereomer of the hydrazone 6b showed the (S)-
configuration at the newly generated stereogenic centre
(Figure 2)71,

NOE experiments on both of the (Z)-configured diastere-
omers®® of the hydrazone 6b are in agreement with the
results of the X-ray analysis (Figure 3). Both diastereomers
show an NOE effect between the CH,O protons and the
BH; protons, indicating a donor-acceptor-interaction be-
tween oxygen and the borane-protected phosphanyl group.
In the major diastereomer (S,R)-6b, an NOE effect between
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Figure 1. Determination of the enantiomeric excess of the a-phos-
phanyl ketone (R)-7b
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Figure 2. Structure of the (E)-configured minor diastereomer (S,S)-
6b (Schakal plot)
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the proton at the newly generated stereogenic centre and
the CH,N proton cis to the OCH; group was observed. The
minor diastereomer (S,5)-6b showed an NOE effect be-
tween the protons at both stereogenic centres. Based on the
assumption of a uniform reaction mechanism the stereo-
genic centres of the a-phosphany! ketones synthesized by
phosphinylation of SAMP hydrazones have the (R)-con-
figuration, in agreement with the postulated mechanism for
electrophilic substitutions of SAMP/RAMP hydrazones[??l,

Figure 3. Decisive NOE effects on both diastereomers of the (2)-
configured a-phosphanyl hydrazone 6b

/N OCHg HyC N/Q(ocm
H
H HH
Xy -
RB HaC—/ R BHy
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The deprotection of the phopshane functionality, feasible
by reaction with amines?*-39 or acids, was investigated
with the a-phosphanyl ketone (R)-7a (ee = 94%). The mild-
est basic method, the reaction with DABCOP!1, gave the
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unprotected a-phosphanyl ketone 4% with only 20% en-
antiomeric excess. Reaction with HBF, - OEt, in CH»Cl, as
described in the literaturet*?! did not give the a-phosphanyl
ketone 4 but the corresponding alcohol in variable but low
diastereomeric excesses. The best way turned out to be the
reaction with HBF, - OEt, in acetone which gave the target
compound 4 in 81% yield and 68% enantiomeric excess.

The enantioselective synthesis of 2-phosphanyl alcohols
D was accomplished using borane-protected a-phosphanyl
aldehyde hydrazones B as key intermediates (Scheme 3).
After oxidative cleavage of the chiral auxiliary, in situ re-
duction and removal of the borane protecting group, the
unprotected 2-phosphanyl alcohols D were obtained. Two
fundamentally different approaches were investigated for
the synthesis of a-phosphanyl aldehyde hydrazones B: the
electrophilic phosphanylation of aldehyde hydrazones A
(routes [, II) and the alkylation of phosphanyl acetaldehyde
SAMP hydrazones C (route IIl). The phosphanylation of
unsubstituted aldehyde hydrazones A was carried out with
the chlorodiphenylphosphane—borane adduct (route I) and
with chlorophosphanes and subsequent phosphorus—boron
bond formation (route II).

Scheme 3. Synthetic plan to 2-phosphanyl alcohols D

NR;

X

PR2

N,NR§ .NR;
Phosphinylation 1
R! — = R..

routes LIl

Alkylation
-
route 1l

A B Cc

Aldchydes 8 were converted into the corresponding hy-
drazones 91 by reaction with the hydrazine reagents
SAMP, RAMP or (S)-(1)-amino-2-(1’-methoxy-1’-ethyl-
propyl)pyrrolidine (SAEP)*! (Table 5). After depro-
tonation of the SAMP hydrazones (S)-9 with LDA for 4
h at 0°C, the resulting azaenolates were trapped with the
chlorodiphenylphosphane—borane adduct (route I) at
—100°C (Scheme 4). After allowing the mixture to warm
to room temperature overnight and aqueous work-up, the
borane-protected a-phosphanyl aldehyde hydrazones (S,R)-
11 were isolated in moderate yields (38—56%) and with
good diastereomeric excesses (de = 73—80%) (Table 6) as
(E/Z)-mixtures with regard to the C=N double bond. The
(Z)-isomers isomerised to the thermodynamically favored
(E)-configured compounds within days or weeks.

Alternatively, the azaenolates of SAMP, RAMP or SAEP
hydrazones 9 were trapped with chlorodiphenylphosphane
or chlorodiisopropylphosphane at —100°C. After reaction
at —78°C overnight, the phosphorus—boron bond was
formed by addition of the borane—methyl sulfide complex
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Table 5. Chiral aldehyde hydrazones 9 prepared

Rl R3 yield [%]
($)-9a H H 90
($)-9 Me H 82
($)9c Me Et 80
($-9d Et H 97
($9e Pr H 93
(R)-9e¢2 Pr H 80
(59f Bu H 81
(5)9g  Pent H 93
(S)9h  Oct H 85

* RAMP was used as chiral auxiliary.

Scheme 4. Synthetic routes to borane-protected a-phosphanyl al-
dehyde hydrazones 11: route I: phosphanylation of al-
dehyde hydrazones 9 with the chlorodiphenylphospha-
neborane adduct; route IL: phosphanylation of aldehyde
hydrazones 9 with chlorophosphanes and subsequent
addition of the borane-methyl sulfide complex; route
III: alkylation of a-diphenylphosphanyl acetaldehyde
SAMP hydrazone 10 and subsequent addition of the
borane-methyl sulfide complex
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Table 6. Borane-protected a-phopshanyl aldehyde SAMP hydrazo-
nes (S,R)-11 prepared by phosphanylation of aldehyde hydrazones
9 with the chlorodiphenylphosphane-borane adduct (route I)

entry R! yield [m]D22 (E) de

[%] (c=1,CHCl3) [%]
(SR)-11b  Me 56 +43.2 73
(S,R)-11d  Et 40 +80.8 80
(S,R)-11e  Pr 40 +77.9 77
(SR)-11f  Bu 39 +69.9 77
(SR)-11g  Pent 41 +35.9 80
(SR)-11h  Oct 38 +50.7 79

and warming the mixtures to room temperature. Upon
aqueous work-up and flash chromatography the air-stable
a-phosphanyl hydrazones 11 were isolated in better yields
(45—-75%) and diastereomeric excesses (de = 50--87%),
predominantly as (Z)-isomers with regard to the C=N
double bond (Table 7).

Table 7. Borane-protected a-phosphanyl aldehyde SAMP hydrazo-
nes (S,R)-11 prepared by phosphanylation of aldehyde hydrazones

9 with chlorophosphanes and subsequent addition of the borane-
methyl sulfide complex (route II)

entry Rl R2 R3 yielda [ol” deab

%]  (d [%)
(S R)-11a Me iPr H 74 +180.0 87
(SR-11b Me Ph H  45(32) +157.6 50(298)
(SR-1tc  Me Ph Et 7565 +g59¢ 73(296)
(SR-11d  Et  Ph H  67(50) +1362 79(>98)
(SR-le  Pr  Ph H  68(60) +114.1 86(>98)
(RSy-11e¢ Pr Ph H  66(59) 1122 86(298)
(SR-11f Bu Ph H 6955 +121.7 80(298)
(SR-1lg Pent Ph H 70(57) +1259 81(298)
(SR-1Ih  Oct Ph H  66(45) +1108 80(298)

4 In parentheses: after purification of the major diastercomer by
crystallization, HPLC or flash chromatography (11¢). — ® Determi-
ned by 'H and "*C NMR spectroscopy. — ¢ RAMP was used as
chiral auxiliary. — ¢ Optical rotations of the diastereomerically pure
compounds (except 11a). — ¢ (E)-isomer.

The (Z)-configured major diastereomers of the diphenyl-
phosphanyl SAMP hydrazones 11b,d—h were crystallized
from ether/pentane at —20°C. Further separation of dia-
stereomers from the mother liquor by HPLC afforded dia-
stereomerically pure diphenylphosphanyl SAMP hydra-
zones 11d—h in 45-60% yield (de = 96%). In the case of
the diphenylphosphanyl-propanal-hydrazones 11b,c the
change of the chiral auxiliary from SAMP to SAEP pro-
vided far higher yields of diastereomerically pure substance
(11b: 32% yield; 11c: 65% yield). Diastereomeric en-
richment was found to be impossible for the diisopro-
pylphosphanyl hydrazone 11al??,

An alternative route to a-phosphanyl aldehyde hydra-
zones 11 was by alkylation of a-diphenylphosphanyl acet-
aldehyde SAMP hydrazone (5)-10, yielding products with
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different stercochemistry at the newly generated stereogenic
centre. The starting material was synthesized in 68% yield
by phosphanylation of acetaldehyde SAMP hydrazone (S)-
9a with chlorodiphenylphosphane and subsequent purifi-
cation of the (£)-configured compound by flash chromatog-
raphy under argon.

After deprotonation of (S)-10 with LDA at 0°C for 5 h,
the resulting azaenolate was trapped with alkyl iodide at
—100°C and warmed to room temperature. Conversion to
the phosphane-borane adducts by addition of borane—
methyl sulfide complex at —78°C and warming to room
temperature afforded a-diphenylphosphanyl aldehyde hy-
drazones (S,5)-11 in good yields (60—63%) and good dia-
stercomeric excesses (de = 68-—71%) as (E/Z)-mixtures
after flash chromatography (Table 8). The major diastereo-
isomer of hydrazone 11e was purified by preparative HPLC.

Table 8. Borane-protected a-phosphanyl aldehyde SAMP hydrazo-

nes (S,5)-11 prepared by alkylation of a-diphenylphosphanyl acet-

aldehyde SAMP hydrazone (S)-10 and subsequent addition of the
borane—methyl sulfide complex (route III)

entry R! yield de

(%] [*]
(58)-11b  Me 60 69
(S5)-11d  Ft 63 71
(5S)-11e  Pr 62(51)a 68 (298)2
(S.5)-11f  Bu 62 70

2 In parentheses: after purification of the major diastereomer by
HPLC.

Ozonolysis and in situ reduction of the generated alde-
hydes with borane—methyl sulfide complex gave the air-
stable protected 2-diphenylphosphanyl alcohols 12 in good
yields (67—83%) (Table 9). Reaction with DABCO afforded
the unprotected 2-phosphanyl alcohols 13 in very good
yields (85—-91%) and enantiomeric excesses (ee = 96%)
(Scheme 5, Table 10).

The enantiomeric excesses of the 2-phosphanyl alcohols
13 were derived from the 'H and '3C NMR spectra of the
corresponding MTPA esters*¥ and by comparison with the
racemic mixturest®). Figure 4 shows the determination of
the enantiomeric excess of the 2-phosphanyl alcohol 13c.
Each diastereomer shows a triplet for the methyl group of
the alcohol moiety. In the 'H NMR spectrum of the
MTPA-ester synthesized from 2-phosphanyl alcohol (R)-
13c¢, only one triplet can be seen (ee = 98%).

The absolute configuration of the newly generated stereo-
genic centre was determined by comparison of the optical
rotations of compound 12b generated by the new method
described here and from (S)-1,2-propanediol (14) in four
steps (Scheme 6). After protection of the primary hydroxyl
function with ferr-butyldimethylsilyl chloride, the secondary
hydroxyl function was sulfonylated with mesyl chloride.
Substitution of the mesylate with KPPh, (Sn2), formation
of the phosphane-borane adduct (R)-16 by addition of bor-
ane—methyl sulfide complex and tetrabutylammonium flu-
oride mediated removal of the silyl group afforded com-
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Table 9. Ozonolysis and in situ reduction of the a-phosphanyl alde-
hyde hydrazones 11 to borane-protected 2-phosphanyl alcohols 12

22
[ody ee©

%] (c=1,CHCly) [%]

entry Rl R2 yield

(R)-12a Me iPr 72 2.7 g4 f
(R»-12b2 Me Ph 73 -34.4 >96 f
(R)-12bb Me  Ph 68 -31.2 296 f
(Ry-12¢  Et Ph 67 294 98
(Ry12d  Pr Ph 75 -45.0 >96
($)-12d¢  Pr Ph 72 +46.1 >96
($-12dd  Pr Ph 69 +46.5 296
(R)-12¢ Bu Ph 77 —46.7 98
(R-12f  Pent Ph 75 —41.7 506 f
(R-12g  Oct Ph 83 -37.1 >96

4 Starting material: (S,R)-11b. — ° Starting material: (S,R)-11¢. —
¢ Starting material: (R,S)-11e. — ¢ Starting material: (S,5)-11e. —
¢ Determined by 'H and '*C NMR spectroscopy of the MTPA
esters of the unProtected 2-phosphanyl alcohols 13. — © Determi-
ned by 'H and *C NMR spectroscopy of the MTPA esters.

Table 10. Unprotected 2-phosphany! alcohols 13

entry Rl yield [a]p? et

(%] (c,CHxCl)  [%]

(R)-13b Me 85 -79(22) >96d
(R)-13¢ Et 85 +4.0 (2.0) 98
(R)-13d Pr 91 -9.2 (2.0 296
(S)-13d 2 Pr 92 +9.4 (2.2) >96
(R)-13e Bu 91 -143 Q2.7 98
(R)-13f Pent 8 _128(1.1)d >96d

(R)-13g  Oct 85 -122Q20) 29

¢ Starting material: (S)-12d. — " Solvent: CHCl;. — © Determined
by 'H and C NMR spectroscopy of the MTPA esters. —
4" Determined by 'H and *C NMR spectroscopy of the MTPA
esters after reconversion to phosphane—borane adducts 12.

Scheme 5. Synthesis of 2-phosphanyl alcohols 12 and 13 from a-
phosphanyl aldehyde hydrazones 11

N OH OH
r! R H3R R?CHs a) R! ) b) RH’)
PR3 BH, 67-83%  pp3-pH, °91% PR
" plmwE

a) 1. Oy, CH,Clyf npentane, =78 °C, 2. BHy SMep, -78 °C+~25°C
b) DABCO, Et,0, 25 °C, 48h

pound (R)-12b in 38% overall yield; [a)R' = ~33.8 (¢ = I,
CHCly); ee = 98%. Compound 12b, prepared by phos-
phanylation of propanal SAMP hydrazone 9b, gave [0]f" =
—34.4 (¢ = 1, CHCls). Based on the assumption of a uni-
form reaction mechanism, the 2-phosphanyl alcohols pre-
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Figure 4. Determination of the enantiomeric excess of the 2-phos-
phanyl alcohol 13¢

pared by phosphanylation of aldehyde SAMP hydrazones
(S)-9 have the configuration (R). The optical antipodes can
be obtained without change of the chiral auxiliary by alky-
lation of the a-diphenylphosphanyl aldehyde SAMP hydra-
zone (S)-10 or by the phosphanylation of RAMP hydra-
zones (R)-9 (see examples 13d). The assigned configurations
are in agreement with the mechanism for electrophilic sub-
stitutions of SAMP/RAMP hydrazones??),

Scheme 6. Synthesis of 2-phosphanyl alcohol (R)-12b from (S)-1,2-
propanediol (14)

OH OSiBuMe; OSitBuMe,
HBC\H i)>HSC\‘) 5),_Heo 9, (126
OH OMs PPh, ' BH,
(5)-14 (515 (R16

a)1. CISitBuMey, NEts, DMF, 73%, 2. MsCl, CH,Clz, 80%; b) 1. KPPhy,
THF, 2. BH3 * SMe;,, 80%; ¢) TBAF, THF, 82%

In summary, we have presented the first enantioselective
synthesis of a-phosphanyl ketones by asymmetric carbon-
phosphorus bond formation. Furthermore, we have re-
ported on novel synthetic routes to virtually enantiopure 2-
phosphanyl alcohols in both configurations by asymmetric
phosphanylation of unsubstituted chiral hydrazones or by
alkylation of a-diphenylphosphany! acetaldehyde SAMP
hydrazone. The highly enantiomerically enriched func-
tionalized phosphanes described in this paper are useful
synthetic building blocks and important hemilabile (P,0)
ligands for asymmetric homogeneous catalysis.

This work was supported by the Fonds der Chemischen Industrie
and the Deutsche Forschungsgemeinschaft (Sonderforschungs-
bereich 380, Leibniz award). 7! B. gratefully acknowledged the in-
valuable and dedicated work of 4. Job as part of his advanced
course. We are obliged to Degussa AG, BASF AG, Bayer AG,
Hoechst AG and Wacker AG for the donation of chemicals.

Experimental Section

All reactions were carried out using standard Schlenk techniques
under argon unless otherwise stated. Solvents were dried and puri-
fied by conventional methods prior to use. THF (over potassium)
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and dichloromethane (over CaH,) were distilled under argon. All
reagents were distilled and/or stored under argon. — Column chro-
matography: Merck silica gel 60, 0.040—0.063 mm (230—400
mesh). — Preparative HPLC: Gilson with a Merck, Packed column
RT, 25 X 250 mm, LiChrosorb, Si60 (7 um), ether/n-pentane (1:3),
UV detector. — IR spectra: Perkin-Elmer FT/IR 1750. — 'H and
13C NMR spectra: Varian VXR 300, Varian Gemini 300, Varian
Unity 500. — Mass spectra: Varian MAT 212 (EI), Finnigan MAT
95 (HRMS). — Microanalyses: Heraeus CHN-O-Rapid.

General Procedure 1 (GP 1) for the Formation of Chlorophos-
phane— Borane Adducts: 12 mmol of borane—methyl! sulfide com-
plex was added to 12 mmol of chlorophosphane in THF (2 ml/
mmol) at 0°C under argon. The resultant solution of the chloro-
phosphane—borane adduct was stirred for 1 h and then used with-
out purification.

General Procedure 2 (GP 2) for the Metallation of Chiral Hydra-
zones 2, 3 and 10: To a solution of diisopropylamine (1.56 ml, 11
mmol) in THF (2 ml/mmol hydrazone) at 0°C under argon, was
added a solution of #nBuLi in hexane (6.9 ml, 1.6 mol/l, 11 mmol).
After stirring for 15 min at 0°C, hydrazone (10 mmol) [2 or 9: neat;
10: dissolved in THF (3 ml/mmol)] was added and the mixture was
stirred for an additional 4 h at this temperature.

General Procedure 3 (GP 3) for the Phosphanylation of Ketone
SAMP Hydrazones 2 with Chlorodiphenylphosphane: To a solution
of metallated ketone hydrazone 2 (10 mmol) at —78°C, was added
chlorodiphenylphosphane (12 mmol). After stirring for 12 h at this
temperature the reaction mixture was quenched with aqueous
NH,CI, extracted with n-pentane, dried (MgSQ,), filtered and the
solvent was evaporated at 0°C.

General Procedure 4 (GP 4) for the Phosphanylation of Ketone
SAMP Hydrazones 2 with Chlorophosphane— Borane Adducts: To a
solution of metallated ketone hydrazone 2 at —100°C, was added
the chlorophosphane-borane adduct in THF (1.2 equiv., 2 ml/
mmol). After stirring for 1 h at this temperature the reaction mix-
ture was allowed to warm to —78°C and stirred for an additional
12 h. It was then quenched with aqueous NH,Cl, extracted with
ether, dried (MgSQ,) and filtered, and the solvent was evaporated.
The (Z)-configured hydrazones 6 were purified by flash chromatog-
raphy (SiO,, ether/n-pentane, 1:4).

General Procedure 5 (GP 5) for the Phosphanylation of Aldehyde
SAMP Hydrazones 9 with the Chlorodiphenylphosphane— Borane
Adduct: To a solution of metallated aldehyde hydrazone 9 at
—100°C, was added the chlorodiphenylphosphane—borane adduct
in THF (1.2 equiv., 2 m{/mmol). After stirring for 1 h at this tem-
perature the reaction mixture was first allowed to warm to —78°C
and then to room temperature. [t was then quenched with aqueous
NH,CI, extracted with ether, dried (MgSQ,) and filtered, and the
solvent was evaporated. The hydrazones 11 were isolated by flash
chromatography (SiO», ether/n-pentane, 1:4).

General Procedure 6 (GP 6) for the Phosphanylation of Chiral
Aldehyde Hydrazones 9 with Chlorophosphanes and Subsequent Con-
version to Phosphane— Borane Adducts: To a solution of metallated
aldehyde hydrazone 9 at —100°C, was added the chlorophosphane
in THF (1.2 equiv., 2 ml/mmol). After stirring for 1 h at this tem-
perature the reaction mixture was allowed to warm to —78°C over-
night. Borane-methy! sulfide complex (1.2 equiv.) was added and
the mixture was warmed to room temperature. The reaction mix-
ture was quenched with aqueous NH4Cl at 0°C, extracted with
ether, dried (MgSO,) and filtered, and the solvent was evaporated.
The hydrazones 11 were isolated by flash chromatography (Si0,,
ether/n-pentane, 1:4) and evaporation of the solvent at 0°C. The
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(Z)-configured major diastereomers were crystallized from ether/
pentane at —20°C. From the mother liquor diastereomerically pure
diphenylphosphanyl SAMP hydrazones were obtained by prepara-
tive HPLC.

General Procedure 7 (GP 7) for the Alkylation of the Dipheny!-
phosphanylacetaldehyde SAMP Hydrazone 10: To a solution of me-
tallated hydrazone 10 at —100°C, was added the alkyl 1odide. After
stirring for 1 h at this temperature the reaction mixture was allowed
to warm to room temperature overnight. Borane—methyl sulfide
complex (1.2 equiv.) was added at —78°C and the mixture allowed
to warm to room temperature. The reaction mixture was quenched
with aqueous NH,4CI at 0°C, extracted with ether, dried (MgSO,)
and filtered, and the solvent was evaporated. The hydrazones 11
were isolated by flash-chromatography (SiO,, ether/n-pentane, 1:4).
The major diastereomer was purified by preparative HPLC.

General Procedure 8 (GP 8) for the O:zonolysis of Borane-Pro-
tected o-Phosphanyl Ketone Hydrazones 6: The (Z)-configured,
borane-protected a-phosphanyl ketone hydrazones 6 were dis-
solved in dichloromethane (130 ml/mmol). At —85°C, a stream of
ozone was passed through the stirred solution until completion of
the oxidative cleavage (TLC control). After removal of excess ozone
by a stream of argon the mixture was warmed to room temperature.
The solvent was removed in vacuo and the a-phosphanylated ke-
tones 7 were isolated by column chromatography (SiO,, ether/n-
pentane, 1:6). All glassware was carefully cleaned to remove all
traces of alkali and acids (i. dil. aqueous HCI, ii. H,O, iii. 12 h at
100°C). The temperature of sotutions of the products was not al-
lowed to exceed 20°C.

General Procedure 9 (GP 9) for the Ozonolysis of Borane-Pro-
tected a-Phosphanyl Aldehyde Hydrazones 11 and in situ Reduction:
The borane-protected o-phosphany! aldehyde hydrazones 11 were
dissolved in a mixture of dichloromethane (200 ml/mmol) and -
pentane (200 ml/mmol). At —78°C, a stream of ozone was passed
through the stirred solution until the reaction was complete (TLC
control). The generated aldehydes were reduced in situ with borane-
methyl sulfide complex (30 mmol/mmol) at —78°C. After warming
the reaction mixture to room temperature and hydrolysis of excess
borane—methy! sulfide complex with aq. NH4Cl (150 ml), the
crude products 12 were concentrated in vacuo and purified by flash
chromatography (SiO-, Et,O/pentane, 1:4).

General Procedure 10 (GP 10) for the Cleavage the Borane
Group: To a solution of protected alcohol 12 in ether (5 ml/mmol)
at room temperature DABCO (5 mmol/mmol alcohol) was added
and the mixture was stirred for 48 h (TLC control). Alcohols 13
were purified by column chromatography under argon (SiO,, Et,0O/
pentane, 1:3).

General Procedure 11 (GP 11) for the Synthesis of Racemic Un-
protected 2-Phosphanyl Alcohols 13: To a solution of 11 mmol LDA
in THF (1 ml/mmol) was added 10 mmol diphenylphopshanyl ethyl
acetate at 0°C. After 1 h, 15 mmol of the alkyl iodide was added
at —78°C and the mixture was warmed to room temperature. The
mixture was added to a suspension of 5 equiv. LAH in THF at 0°C
(2 ml/mmol) (TLC control). After hydrolysis of the excess LAH, the
crude alcohols 13 were concentrated in vacuo and purified by flash
chromatography (Si0,, Et,O/pentane, 1:3) under argon.

(—=)-(8)-2-(1'-Methoxy-1'"-ethylpropyl)-1-(1'-propyl-
ideneamino )pyrrolidine [(S)-9¢]: 2.9 g (50 mmol) Propanal and 9.3
g (50 mmol) SAEP were reacted analogously to a literature pro-
cedurel!, yielding 9.4 g (80%) of 9¢ as a colourless liquid. —
[a]s = —5.1 (I = 0.1, neat). — IR (neat): v 2966, 2938, 2880, 2825
(s, CH,, CHj3), 1606 (m, C=N), 1459 (s, br.), 1138 (s), 1124 (s),
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1087 (s) em ' — '"H NMR (300 MHz, CDCl;, TMS): § = 0.87,
0.90 (t. /= 7.4 Hz, 3H, CH,CH,C,), 1.05 (t, /= 7.6 Hz, 3H,
CHCH-CHN), 1.45-2.00 (m, 8H, NCH,CH,CH,,
NCH,CH.CH,, CH:.CH-C,), 2.20 (qd, J = 7.4 Hz, /= 4.9 Hz,
2H, CH,C#H,CHN), 2.70 (m, 1H, NCHH), 3.27 (s, 3H, OCH,),
3.34 (m. 1H, NCH#), 3.54 (m, 1H, NCH), 6.60 (t, / = 4.9 Hz,
1H, HC=N]. — *C NMR (75 MHz, CDCl;, TMS): § = 7.95, 8.53
(s. CHiCH,C,), 11.98 (s, CH;CH,CHN), 23.88, 23.95, 24.52,
26.28, 2640 (s, CH;3CH,CN, 2 CH;CH,C,, NCH,CH,CH,,
NCH-CH->CH»). 50.52 (s, OCH;), 51.88 (s, NCH,), 69.17 (s,
NCH). 80. 45 [s. (Et5)CO], 137.90 (s, C=N). — MS (70 ¢V); m/z
(Vo): 226 (3) [M™], 126 (9), 125 (100) (M*™ — Et,COCH;], 70 (16)
[CiHgN']. — C:H36N>O (226.36): caled. C 68.98, H 11.58, N
12.38; found C 69.08, H 11.59, N 12.38.

(= 1-(S)-1-(I'-Heptylideneamino )-2-methoxymethylpyrrolidine
[(5)-9g]: 5.7 g (50 mmol} heptanal and 6.5 g (50 mmol) SAMP were
reacted analogously to a literature procedure); yielding 19.8 ¢
(93%0) of 9¢g as a colourless liquid. — b.p. 105—107°C (1 mbar),
[ois = —106.6 (/ = 0.1, neat); o]y = —127.0 (¢ = 1, C¢Hg). — IR
(neat): v 2955-2855 (s, CH,, CH3), 1606 (m, C=N), 1461 (m),
1378 (m). 1340 (m). 1302 (s), 1282 (s), 1197 (m), 1120 (s, br., C—0),
973 (m). 903, 726 (s)cm '. — '"H NMR (300 MHz, CDCl,, TMS):
&= 0.75(, J= 6.9 Hz, 3H, CHy), 1.16—1.33 (m, 8H, CH,),
1.64=1.78 (m, 4H, CH; p,,,.), 2.07 (m, 2H, CH,CHN), 2.58 (m,
I1H, NC//H), 3.23-3.29 (m, 3H, CH,O, NCHH), 3.27 (s, 3H,
OCH;). 343 (m. | H, NCH), 6.51 (t, / = 5.6 Hz, 1| H, HC=N). —
13C NMR (75 MHz, CDCl;, TMS): § = 13.90 (CH3), 22.07, 27.75,
28.84. 31.66, 33.07 (CH,), 22,52 (NCH,CH,CH,), 26.50
(NCH-CH>CH-). 50.32 (NCH,), 59.03 (OCH3), 63.44 (NCH),
74.79 (CH-0), 139.05 (C=N). — MS (70 eV); m/z (%): 226 (6)
(M), 181 (100) (M~ — C3H;50). 82 (8), 70 (64) (C,HgN™), 55 (10),
45 (8). 43 (30). 41 (20). — C3HxN,0 (226.36): caled. C 68.98, H
11.58, N 12.38: found C 69.29, H 11.61, N 12.20.

(= )-(S)-1-1 I"-Decylideneamino )-2-methoxymethylpyrrolidine
[(5)-9h]: 7.8 g (50 mmol) decanal and 6.5 g (50 mmol) SAMP were
reacted analogously to a literature procedurel?!, yielding 18.9 g
(85%4) of 9h as a colourless liquid. — b.p. 156—158°C (1 mbar),
[afy = —90.2 ¢/ = 0.1, neat), [a]f = —97.8 (¢ = 1, C4Hg). — IR
(neat): v 2955—2855 (s. CHs. CHa), 1606 (m, C=N), 1460 (m),
1379 (m). 1340 (m), 1301 (s), 1282 (s), 1197 (mm), 1121 (s, br., C—-0),
973 (m), 903, 722 (s) em . — 'H NMR (300 MHz, CDCl;, TMS):
6= 0.79 (t, J = 6.7 Hz, 3H, CHjy), 1.18~1.37 (m, 14H, CH»),
1.68—1.83 (m, 4H, CH> p,.,.), 2.11 (m, 2H, CH>CHN), 2.62 (m,
1H, NCHH), 3.28-3.34 (m, 3H. CH,O, NCHH), 3.27 (s, 3H,
OCH3). 3.47 (m. 1 H, NCH). 6.56 (t, / = 5.6 Hz, | H, HC=N). —
3C NMR (75 MHz. CDCl;, TMS): 14.08 (CH;), 22.13, 27.85,
2923, 2930, 29.50. 29.54, 31.89, 33.12 (CHy), 22.67
(NCH-CH>CH>»), 26.56 (NCH,CH,CH,), 50.43 (NCH,), 59.11
(OCH;). 63.56 (NCH), 74.85 (CH,0), 139.33 (C=N). — MS (70
eV mlz (Vo) 268 (5) (M ™), 223 (100) (M™ — C,Hs0), 70 (43)
(CyHGN ™), 55(6). 45 (5), 43 (19), 41 (11). — CsH3,N>0 (268.44):
caled. C 71,39, H 12.02. N 10.44; found C 71.34, H 12.34, N 10.71.

= )-(S)-1-[(2'-Diphenyiphosphanyl)-1'-ethylideneamino J-2-
methoxymethylpyrrolidine [(S)-10]: 7.8 g (50 mmol) hydrazone 9a
and 11.0 g (50 mmol) CIPPh, were reacted according to GP 3.
Alter heating to 100°C for 3 h the crude product was purified by
column chromatography under argon, yielding 11.56 g (68%) of
($)-10 as a colourless oil. — [0y = —109.8 (¢ = 1.0, CHCl3). —
IR (neat): v 3069. 3052 (m, C—H,,,.,). 2973, 2923, 2876, 2825 (s,
CH,. CH3y), 1586 (m), 1575 (m), 1481, 1460 (m), 1434 (s, P—Ph),
1341, 1196 (m), 1119 (s, P—=Ph), 1097, 742, 698 (s) cm™'. — 'H
NMR (300 MHz. CDCl,. TMS). 6= 1.60--1.86 (m, 4H,

o)
n
[§%]

NCH,CH>CH,, NCH,CH,CH,), 2.54 (m, 1 H, NCHH), 2.99 (d,
br., J = 5.7 Hz, 2H, CH,P), 3.09—3.41 (m, 4H, NCH, NCHH,
CH,0), 3.23 (s, 3H, OCHs), 6.44 (dq, 3Jyp = 5.7 Hz, J = 5.7 Hz,
I H, HC=N), 7.18=7.28 (m, 6 H, H,yeropars)> 7.32—7.42 (m, 4H,
H,m). — *C NMR (75 MHz, CDCl;, TMS): 8 = 21.07 (s,
NCH,CH,CHs,), 25.49 (s, NCH,CH,CH,), 32.08 (d, 'Jop = 14 Hz,
CH,P), 48.99 (s, NCH,), 58.14 (s, OCHs), 62.28 (s, NCH), 73.59
(s, CH,0), 127.29 (d, 3Jcp = 7 Hz, Cprera), 127.50 (d, 2Jcp = 3 Hz,
C=N), 131.14, 131.28 (3, Cpy). 131.82, 131.94 (d, 2Jcp = 18 Hz,
Copno)s 137.03, 137.13 (d, UUcp = 14 Hz, Cp,). — MS (70 eV):
miz (Y): 340 (11) (M), 295 (6) (M* — C,H;0), 183 (7), 156 (11),
155 (100) (M* — Ph,P), 121 (6), 112 (11), 109 (5) (PhPH™), 80
(10), 71 (14), 55 (7), 45 (8) (CoH;0™), 41 (8). — CaoHasN,OP
(340.40): caled. C 70.57, H 7.40, N 8.28; found C 70.85, H 7.53,
N 8.51.

(2S8,2'R, Z)-1-[(2'-Diphenylphosphanyl )-pent-3'-ylideneamino |-
2-methoxymethylpyrrolidine [(S,R,Z)-3a]: 1.98 g (10 mmol) hydra-
zone (S)-2a and 2.43 g (11 mmol) CIPPh, were reacted according
to GP 3, yielding 2.67 g (70%) of (S,R,Z)-3a as a colourless oil. —
"H NMR (300 MHz, CDCl;, TMS): 6 = 1.02 (t, J = 7.3 Hz, 3H,
CH,CH,), 1.16 (dd, *Jyp = 15.8 Hz, 3J = 7.1 Hz, 3H, CH;CHP),
1.56—2.48 (m, 7H, NCH,CH,CHH, NCH,CH,CH,, NCHH,
CH;CH,), 2.89-3.39 (m, 4H, NCHH, CH,O, NCH), 3.34/3.27 (s,
3H, OCH,), 4.12/4.71 (dq, *Jyp = 7.3 Hz, 3J = 7.3 Hz, 1H,
CH,CHP), 7.23-7.31 (m, 6H, H,erpuns)s 7.46—7.56 (m, 4H,
H,rn0)- — 13C NMR (75 MHz, CDcly, TMS): § = 11.24/11.27 (5,
CH;CH,), 15.01/14.43 (d, 2Jcp = 15 Hz, CH;CHP), 21.36/20.75
(s, NCH,CH>), 25.24 (d, *Jep = 13 Hz, CH3;CH,), 26.59/25.47 (s,
NCHCH,), 34.29/33.82 (d, 'Jep = 12 Hz, CH;CHP), 54.48/53.98
(s, NCH,), 58.09/57.90 (s, OCHy), 65.75/64.78 (s, NCH), 75.94 (s,
CH,0), 127.07, 127.36 (d, *Jep = 7 Hz, C0). 132.02, 133.19 (d,
2Jep = 20 Hz, C,up0), 167.98/173.61 (d, 2Jcp = 9 Hz, C=N). —
MS (70 eVY; mlz (%): 382 (7) (M™), 198 (12), 197 (100) M+ —
Ph,P), 183 (6), 114 (15), (CsH;.NT), 109 (6) (PhPH™), 84 (11)
(CsHoNT), 70 (6) (CaHgN™), 56 (34) (C4HY), 41 (8) (C;H;0).

(252'R,Z)-1-[(2'-Diphenylphosphanyl )-hept-4'-ylideneamino |-
2-methoxymethylpyrrolidine [(S,R,Z)-3b]: 2.26 g (10 mmol) hydra-
zone 2b and 2.43 g (11 mmol) CIPPh, were reacted according to
GP 3. yielding 3.24 g (79%) of (S.R,Z)-3b as a colourless oil. — 'H
NMR (300 MHz, CDCl;, TMS): 6 = 0.72, 0.78 (t, 3J = 7.4 Hz,
3H, CH,), 1.19-2.28 (m, 10H, 5 CH,), 2.36 (m, 1H, NCHH),
2.81 (m, lH, CHHO), 3.17 (s, 3H, OCH3), 2.95-3.13 (m, 3H,
NCHH, CHHO, NCH), 4.13/439 (m, 1H, CH;CH,CHP),
7.10=7.28 (m, 6H, H, 1 per)» 7.39, 7.51 (m, 2H, H,,,;,,). — "*C
NMR (75 MHz, CDCl;, TMS): § = 12.53 (d, 3Jcp = 9 Hz,
CH;CH,CHP), 13.10 (s, CH3;CH,CHj,), 19.48 (s, CH3;CH,CH,),
22.32 (s, NCH,CHs>), 22.72 (d, ?Jcp = 18 Hz, Ch;CH,CHP), 26.47
(s, NCH,CH,CH>), 34.70 (d, *Jcp = 10 Hz, CH;CH,CH,), 40.85
(d, 'Jep = 16 Hz, CH;CH,CHP), 54.46/53.93 (s, NCH,), 57.92/
57.85 (s, OCHzy), 65.66/64.94 (s, NCH), 75.28 (s, CH,0), 126.99,
127.42 (d, Jep = 7 Hz, C,na)s 128.20 (s, C o), 132.36, 133.48 (d,
2Jep = 19 Hz, C, ), 166.56 (d, 2Jep = 8 Hz, C=N).

(28,2°R.Z)-1-[(2'-Diphenylphosphanyl)-1'-pheny!-1'-propyl-
ideneamino J-2-methoxymethylpyrrolidine [(S,R,Z)-3¢]: 2.46 g (10
mmol) hydrazone 2d and 2.43 g (11 mmol) CIPPh, were reacted
according to GP 3, yielding 3.40 g (79%) of (S,R,Z)-3c¢ as a colour-
less oil. — '"H NMR (300 MHz, CDCl;, TMS): & = 1.46 (dd,
up = 14.8 Hz, *J = 7.4 Hz, 3H, CH;CHP), 1.60—2.20 (m, 4H,
NCH,CH,CH,, NCH,CH,CH>), 2.65 (m, | H, NCHH), 3.20—3.58
(m, 4H, NCH, CH-0O, NCHH), 3.38 (s, 3H, OCH,), 4.38/4.94 (dq,
2Jup = 14.8 Hz, °J = 7.4 Hz. | H, CH;CHP), 7.20—7.50 (m, 15H,
Hom). — "*C NMR (75 MHz, CDCl;, TMS): & = 15.93/15.85
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(d, 2Jcp = 20 Hz, CH;CHP), 21.96 (s, NCH,CH,CH,), 26.66 (s,
NCH,CH,CH>), 33.66 (d, 'Jep = 16 Hz, CHy;CHP), 55.42 (s,
NCH,), 58.16 (s, OCH3), 66.07 (s, NCH), 75.85 (s, CH,0), 126.68,
127.12, 127.71, 128.11 (Cyrom)s 127.19, 126.92, 127.43 (d, *Jep = 7
Hz, Cppu). 132.23, 132.99 (d, 2Jcp = 20 Hz, Cpyu), 135.80,
136.35 (d, 2Jcp = 16 Hz, Cpy,), 16343 (d, 2cp = 10 Hz, C=N).

Chlorodiphenyiphosphane— Borane Adduct: 2.65 g (12 mmol)
Ph,PCl and 1.2 m! (12 mmol) BH; - SMe, were reacted according
to GP 1, yielding CIPPh, - BH; as a colourless oil. — 'H NMR
(300 MHz, CDCl;, TMS): 6 = ca. 1.3 (q, '"Jug = 100 Hz, 3H,
BH;), 7.39 (m, 4H, H,,..), 747 (m, 2H, H,,.), 7.71 (m, 4H,
Humo). — ¥P NMR (202 MHz, CDCl5, H4PO,): § = 929 (q,
Upg = 50 Hz).

Chlorodiisopropylphosphane— Borane Adduct: 1.83 g (12 mmol)
iPr,PCl and 1.2 ml (12 mmol) BH; - SMe, were reacted according
to GP 1, yielding CIPiPr, - BH; as a colourless liquid. — '"H NMR
(300 MHz, CDCl;, TMS): § = ca. 0.65 (q, 'Jugs =~ 100 Hz, 3H,
BH3), 1.22, 1.25 [dd, J = 8.6 Hz, J = 7.0 Hz, 12H, (CH),CHP],
225 [m, 2H, (CH;),CHP]. — P NMR (202 MHz, CDCl,,
H;PO,): § = 136.9 (q, 'Jpg = 46 Hz).

(+)-(2852'R,Z)-1-[(2'-Boranatodiphenylphopshanyl )-pent-3'-
viideneamino J-2-methoxymethyipyrrolidine [(S,R,Z)-6a]: 1.98 g (10
mmol) hydrazone (S)-2a and 2.81 g (12 mmol) CIPPh, - BH; were
reacted according to GP 4, yielding 3.21 g (81%) (S,R,Z)-6a as a
colourless oil. — [o]F = +95.2 (¢ = 1.0, CHCl;). — IR (neat):
v 3058 (m, C—H,,,), 2972, 2933, 2872, 2833, 2811 (s, CH,, CH,),
2381 (s, B—H), 2346 (sh), 1619 (C—-C,,,.), 1588 (C=N), 1458 (m),
1437 (s, P=Ph), 1125, 1098, 1061, 742, 699, 693 (s) ecm~!. — 'H
NMR (500 MHz, CDg, TMS): 6 = 098 (t, /= 7.3 Hz, 3H,
CH;CH»), 1.34 (dd, *Jyp = 16.8 Hz, *J = 7.3 Hz, 3H, CH;CHP),
1.60 (m, 3H, NCH,CH,CHH, NCH,CH,CHH), 2.02 (m, 1 H,
NCH,CH,CHH), 2.25 (m, | H, NCHH), 2.50 (m, 2H, CH;CH.-),
298 (m, 1H, NCHH), 3.21 (s, 3H, OCHj,), 3.29, 343 (m, 1 H,
CH,0), 3.54 (m, 1H, NCH), 4.67 (dq, 2Jyp = 14.7 Hz, 3/ = 7.3
Hz, [ H, CH3CHP), 7.01-7.19 (m, 6H, H,,.10 para). 7.99, 8.66 (m,
2H, H,.1,). — “C NMR (75 MHz, C¢Dg, TMS): 8 = 11.10 (s,
CH;CHy), 14.04 (d, 2Jp = 3 Hz, CH;CHP), 22.81 (s, NCH,CH),
27.25 (d, *Jep = 1 Hz, CH3CH,), 27.55 (s, NCHCH,), 33.47 (d,
Ucp = 31 Hz, CH;CHP), 56.16 (s, NCH,), 58.99 (s, OCH), 67.70
(s. NCH), 76.55 (s, CH-0), 128.71, 128.94 (d, *Jcp = 10 Hz, C,,,.,).
129.91, 130.87 (d, "Jep = 53 Hz, C,,,), 131.15, 131.49 (d, *Jep =
2 Hz, C,.), 132.92, 13342 (d, *Jep = 9 Hz, Coppo), 165.66 (s,
C=N). — 3P NMR (202 MHz, C¢Ds, TMS): 6 = 22.4 (s, br.). —
MS (70 eV); m/z (%): 396 (2) (M™), 395 (4) (MT — H), 282 (95)
(M* — NC¢H;,0), 201 (41), 197 (54) (M™ — Ph,P - BH3), 185 (25)
(Ph,P*), 153 (56) (M™ — Ph,P - BH; — C,H,0), 114 (66)
(CeHsN*), 109 (26) (PhPH'), 84 (45) (CsHoN*), 70 (42)
(C4HgN™), 56 (100) (C4Hy), 41 (28) C,Hs0). — C53HyyBN,OP
(396.32): caled. C 69.70, H 8.65, N 7.07; found C 69.98. H 8.88,
N 7.06.

(+)-(252'R,Z)-1-[(2'-Boranatodiphenylphosphanyl)-hept-4' -
yiideneamino J-2-methoxymethylpyrrolidine [(S,R,Z)-6b]: 2.26 g (10
mmol) hydrazone (S)-2b and 2.81 g (12 mmol) CIPPh, - BH; were
reacted according to GP 4, yielding 3.65 g (86%) (S,R,Z)-6b as a
colourless oil. — o]y = +130.9 (¢ = 1.0, CHCl;). — IR (neat):
v 3058, 3022 (m, C—H,,,,,), 2963, 2929, 2872, 2829 (s, CH,. CH;),
2395 (s, B—H), 2345 (sh), 1618 (C—C,,,,. ). 1590 (C=N), 1459 (m),
1437 (s, P—PH), 1126, 1097, 1061, 740, 702, 694 (s) cm~!. — 'H
NMR (500 MHz, C¢Ds, TMS): 8 = 0.73 (1, /= 7.3 Hz, 3H,
CH;CH,CHP), 0.79 (t, 3/ = 7.3 Hz, 3H, CH;CH,CH.), 1.40 (m,
1H, CH;CHHCH,), 165 (m, 4H, NCH,CH-CHH,
NCH,CH,CHH, CH;CHHCH,), 1.87 (m, 1H, CH:CHHCHP),
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2.05 (m, 1 H, NCH,CH,CHH), 2.13 (m, | H, CH;CHHCHP), 2.35
(m, 2H, NCHH, CH,CH,CHH), 2.46 (m, 1H, CH;CH,CHH),
3.12 (m, 2H, CHHO, NCHH), 3.18 (s, 3H, OCH3), 3.23 (m, 1H,
CHHO), 3.42 (m, 1 H, NCH), 4.75 (dt, 2Jup = 15.1 Hz, 3 = 7.3
Hz, |H, CH;CH,CHP), 7.03—7.13 (m, 6 H, H,rq pore)> 801, 8.19
(m, 2H, H,). — 3C NMR (75 MHz, C¢D,. TMS): & = 13.74
(d, *Jep = 9 Hz, CH;CH,CHP), 13.86 (s, CH;CH,CH,), 19.74 (s,
CH:CH,CH>), 22.44 (d, 2Jep = 3 Hz, CH;CH,CHP), 22.56 (s
NCH,CH,), 27.23 (s, NCH>CH,CH,), 35.84 (s. CH;CH,CHa),
39.81 (d, Jep = 30 Hz, CHyCH,CHP), 55.72 (s, NCH,), 59.06 (s,
OCHa), 66.98 (s, NCH), 75.86 (s, CH,0), 128.26, 128.82 (d, *J-p =
10 Hz, Cper)s 12899, 129.64 (d, 'Jep = 54 Hz, C,,,), 13114,
131.26 (d, “Jcp = 2 Hz, C,y,), 133.75, 133.54 (d, 2Jep = 9 Hz,
Corino), 164.21 (s, C=N). — 3IP NMR (202 MHz, C¢Dq, H:PO,):
8= 209 (s, br.). — MS (70 eV); m/= (%): 424 (3) (M*), 423 (9)
(M* ~ H), 311 (23), 310 (100) (M*™ — NCzH,,0), 309 (26), 226
(23), 225 (20) (M* — Ph,P - BH,), 185 (10) (Ph,P™), 181 (9) (M~
— PhyP - BH, — C,H,0), 114 (15) (CoHaN™), 70 (16) (CsHN™).
— CasHyBN,OP (424.37): caled. C 70.76, H 9.03, N 6.60: found
C 70.71, H 8.93, N 6.47.

(+)-(2R,2'S,Z)-[(2'-Boranatodiphenylphosphanyl)-hept-4’-
yiideneamino [-2-methoxymethylpyrrolidine [(R,S,Z)-6b]: 2.26 g (10
mmol) hydrazone (R)-2b and 2.81 g (12 mmol) CIPPh, - BH; were
reacted according to GP 4, yielding 3.60 g (85%) (R,S,Z)-6b as a
colourless oil. — [a]& = —132.1 (¢ = 1.0, CHCI;). The other ana-
lytical data corresponded with those of [(S,R,Z)-6b).

(+)-(252'R,Z)-1-[(2'-Boranatodiphenylphosphany!)-non-5'-
ylideneamino J-2-methoxymethyipyrrolidine [(S,R,Z)-6¢]: 2.54 g (10
mmol) hydrazone (S)-2¢ and 2.81 g (12 mmol) CIPPh, - BH; were
reacted according to GP 4, yielding 3.57 g (79%) (S.R,Z)-6¢ as a
colourless oil. — [oJF = +114.2 (¢ = 1.0, CHCl;). — IR (neat):
v 3077, 3057, 3024 (m, C—H,,,,, ), 2958. 2930, 2871 (s, CH,, CH),
2384 (s, B—H), 2346 (sh), 1550 (C=N), 1484, 1460 (m), 1437 (s,
P—Ph), 1130, 1111, 1062, 739, 698 (s) cm~'. — 'H NMR (300
MHz, CiDs, TMS). &= 070 (t, *J= 73 Hz, 3H,
CH;CH,CH,CHP), 0.83 (t, *J = 7.3 Hz, 3H, CH;CH,CH,CH>),
1.08—2.55 (m, 15H, NCH,CH,CH,, NCH,CH,CH,, NCHH,
CH>), 3.13 (m, 2H, CHHO, NCHH), 3.18 (s, 3H, OCH3), 3.26 (m,
1H, CHHO), 3.44 (m, 1 H, NCH), 4.93 (dt, */yyp = 15.1 Hz, °J =
7.4 Hz, 1H, CH;CH,CHyCHP), 7.00-7.15 (m, 6H, H, . prr)-
8.03, 8.24 (m, 2H, H,,,,,). — *C NMR (75 MHz, CcDg, TMS):
o= 1415 1423 (s, CHy), 2275 (d, *Jep= 7 Hz
CH;CH,CH,CHP), 22.75 (s, NCH,CH3), 22.93 (s, CH:CH-CH>),
27.34 (s, NCH,CH,CH,), 28.49 (s, CH;CH,CH-CH,), 32.04 (d,
2Jep = 3 Hz, CH;CH,CH,CHP), 34.05 (s, CH;CH-CH,CH,),
38.79 (d, 'Jep = 29 Hz, CH;CH,CH,CHP), 56.15 (s, NCHS,), 58.94
(s, OCHjy), 67.75 (s, NCH), 75.92 (s, CH,0), 128.47, 129.98 (d.
ep = 10 Hz, C,,.). 130.10, 131.35 (d. 'Jep = 353 Hz, Cipso).
131.13, 131.25 (d, *J¢p = 2 Hz, C,.), 133.13, 133.65(d, 2cp = 9
Hz, Coupo). 16491 (s, C=N). — 3P NMR (202 MHz, C,D..
H;PO,): 8 = 21.0 (q, 'Jpg = 50 Hz). — MS (70 eV); m/= (%): 452
(1) (M™), 339 (11), 338 (54) (M* — NC¢H-0), 337 (11), 253 (100)
{(M* — Ph,P - BH3), 209 (10) (M* — Ph,P - BH; — C,H,0). 201
(9). 185 (12) (Ph,P™), 183 (17), 114 (17) (C¢H-N™), 108 (12)
(PhP™), 84 (26) (CsH(N*), 70 (11) (C4HgN*). — C+;H42;BN,OP
(452.43): caled. C 71.68, H 9.36, N 6.19; found C 71.98, H 9.62,
N 6.45.

(+)-(282'R,Z)-1-[(2'-Boranatodiphenylphosphanyl )-1' -phenyl-
I'-propylideneamino |-2-methoxymethylpyrrolidine [(S,R.Z)-6d]:
2.54 g (10 mmol) hydrazone (S)-2d and 2.81 g (12 mmol) CIPPh,
* BH; were reacted according to GP 4, yielding 3.82 g (86%)
(S,R,7)-6d as a colourless oil. ~ [a] = +297.5 (¢ = 1.0, CHCl,).
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— IR (neat): v 3078. 3057. 3024 (m, C—H,,,,, ), 2968, 2927, 2872,
2828 (s. CHa, CHa), 2384 (s, B—H), 1589, 1574, 1487, 1438 (s,
P—Ph), 1131, 1107 (s, P—Ph), 1062, 740, 698 (s) cm~'. — 'H NMR
(300 MHz. C¢De, TMS): 8= 1.58 (m, 3H, NCH,CH,CH.,,
NCH-CH-CHH), 1.68 (dd, *Jyp = 16.4 Hz, 3J = 7.5 Hz, 3H,
CH;CHP), 2.01 (m. 1 H, NCH,CH,CHH), 2.41 (m, 1 H, NCHH),
318 (m, 1H. NCHH). 3.22 (s, 3H, OCH3), 3.38, 3.53 (m, 1 H,
CH,O). 3.71 (m, 1H, NCH), 4.99 (dq, */yp = 15.1 Hz, 37 = 7.5
Hz. 1H, CHy;CHP), 6.96=7.12 (m, 9H, Hyperapara)s 7-45 (m, 2H,
He o) 7.81-8.04 (m, 2H, Hppyo)- — 2C NMR (75 MHz, C¢Ds,
TMS): 6= 1510 (d, Jep= 4 Hz, CH,CHP), 23.35 (s,
NCH-CH,CH>). 27.53 (s, NCH,CH,CHa), 33.65 (d, 'Jep = 29 Hz,
CH:CHP), 57.02 (s, NCH,). 59.01 (s, OCH,), 68.01 (s, NCH),
76.41 (s, CH,0), 128.31. 128.90 (5, CypyioComere), 128.37, 128.83 (d,
Vep = 10 Hz, Cyu), 13103, 13121 (d, *Jep = 2 Hz, Cpy),
133.10, 133.83 (d, 2Jep = 9 Hz, Cypepo). 137.92 (5, Cepo)s 161.30 s,
C=N). - P NMR (202 MHz, C¢Ds, HsPO,): 8 = 24.6 (s, br.).
— MS (70 eV); mil= (%): 444 (2) (M™), 443 (6) (M* — H), 331 (18),
330 (88) (M* — NCH,,0), 329 (24), 246 (23), 245 (46) (M* —
Ph,P - BH,), 214 (13), 213 (11), 201 (27) (M* — Ph,P - BH, —
C,H,0), 186 (11), 185 (41) (Ph,P*), 183 (34), 142 (17), 141 (22),
140 (16), 133 (12), 132 (100) (M* — Ph,P - BH; — C4H,;NO), 129
(18). 114 (56) (CoH,2N*), 109 (23) (PhPH*), 104 (28), 91 (14),
84 (17) (CsHN™), 77 (36), 70 (11) (C4HgN*). — CyyH3,BN,OP
(444.36): caled. C 72.98. H 7.71, N 6.30; found C 73.05, H 7.87,
N 6.43.

(+)-(282'R)-1-[(2'-Boranatodiisopropylphosphanyl )-hept-4'-
viideneamino J-2-methoxymethylpyrrolidine [(S,R)-6e]: 2.26 g (10
mmol) hydrazone (S)-2b and 2.00 g (12 mmol) CliPr,P - BH; were
reacted according to GP 4, yielding 2.85 g (80%) (S,R)-6e as a
colourless oil. — m.p. 37°C (E), [a]E (F)= +261.8 (c= 1.0,
CHCl5). — IR (KBr): v 2970, 2931, 2873, 2826 (s, CH,, CH3), 2378
(s, B—H), 2344 (sh), 1630 (C—C,,,,,..), 1630 (C=N), 1460 (m), 1385,
1369, 1348, 1282, 1269, 1238 (m), 1127, 1097, 1067, 1042, 972, 928
(s) cm '. — '"H NMR (300 MHz, CsDgs, TMS): (Z2): § = 0.74 (1,
3J = 7.3 Hz, 3H. CH;CH,CH,CHP), 0.97 (t, 3J = 7.3 Hz, 3H,
CH;CH>CH,), 1.03-1.22 (m, 12H, PCHCH,), 1.52-2.04 (m,
10H), 2.23 (m, 3H), 2.63 (m, 1 H), 3.12 (s, 3H, OCH3,), 3.04—-3.42
(m, 4H, NCH, CH-0. NCHH), 3.55 (ddd, *Jyp = 15.1 Hz, J =
12.4 Hz, J = 3.0 Hz, 1 H, CH;CH,CHP). — 'H NMR (300 MHz,
CeDg, TMS): (E): 3 = 0.86, 0.90 (t, °/ = 7.3 Hz, 3H, CH3), 1.01,
1.05, 1.10, 1.26 (dd, *Jyp = 14 Hz, 3J = 12 Hz, 3H, PCHCH};),
1.40—2.18 (m, 9H), 2.29-2.65 (m, 4H), 2.92—-3.06 (m, 2H), 3.24
(s, 3H, OCH3;), 3.26~3.36 (m, 2H, NCH, CHHO), 3.60 (m, ! H,
CHHO). — *C NMR (75 MHz, C(Dg, TMS): (Z): 8 = 13.16 (d,
ep = 13 Hz, CH;CH,CHP), 14.34 (s, CH;CH,CH,), 17.37,
17.75, 18.40, 18.68 (d. 2Jep = 2 Hz, CH;CHP), 19.56 (s,
CH;CH,CH-), 21.57 (d, *Jep = 1 Hz, CH3CH,CHP), 21.56, 23.73
(d, "Jep = 30 Hz, CH3;CHP), 22.50 (s, NCH>CH,), 26.35 (s,
NCH,CH,CH-), 35.76 (d, 'Jep = 22 Hz, CH;CH,CHP), 36.50 (s,
CH;CH,CH,), 55.49 (s, NCH,), 58.74 (s, OCHj;), 67.96 (s, NCH),
74.97 (s. CH,0), 164.87 (d. 2Jcp = 4 Hz, C=N). — C NMR (75
MHz, C,Dg, TMS): (E): § = 13.81 (d, *Jep = 9 Hz, CH;CH,CHP),
14.99 (s. CH;:CH-CH,), 17.32 (s), 17.85 (s), 18.19 (d, 2Jcp = 4 Hz),
19.27 (s) (PCHCH;), 19.82 (d, 2Jep = | Hz, CH3;CH,CHP), 20.07,
21.06 (d, YJep = 29 Hz, PCHCHa,), 22.69 (s, CH;CH>CH,). 22.75
(s. NCH-CH»), 27.62 (s. NCH,CH,CH,), 36.79 (s, CH;CH,CH,),
41.84 (d, 'Jop = 23 Hz, CH3;CH,CHP), 55.70 (s, NCH,), 58.95 (s,
OCH,), 67.16 (s. NCH), 76.02 (s, CH,0), 167.80 (d, 2Jcp = 2 Hz,
C=N). — P NMR (202 MHz, C¢Ds, H;PO,) (E): 8= 37.0
("Jpy = 69 Hz). — MS (70 eV); m/= (%): 356 (4) (M*), 355 (8) (M ™
— H), 243 (14), 242 (100) (M* — NC¢H,,0), 241 (24), 226 (17)
(M*" — PrsP - BH3), 181 (15) (M™ — iPr-P - BH; — C,H,0), 114
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(31) (CsH1,N™), 112 (30), 84 (6) (CsH,oN™), 75 (9) (iPrPH*), 70
(46) (C4HgN™), 41 (23) (C,Hs0"). — C,oH,BN,OP (356.34):
caled. C 64.04, H 11.88, N 7.86; found C 64.26, H 11.89, N 7.89.

(+)-( R)-2-Boranatodiphenylphosphanyl-3-pentanone  [(R-Ta}:
Hydrazone [(S,R)-6a] (396 mg, 1 mmol) was ozonolyzed according
to GP 8, yielding 239 mg (84%) of [(R)-7a] as colourless crystals.
— m.p. 59°C, [0} = +71.7 (¢ = 1.0, C¢Hy). — IR (KBr): ¥ 3079,
3059, 3007 (m, C—H,,0n), 2978, 2938, 2904, 2878 (s, CH,, CHj),
2389 (s, B—H), 2350 (sh), 1713 (s, C=0), 1589 (w,
C—C,om), 1456 (s), 1438 (s, P—Ph), 1378, 1350 (m), 1107 (s,
P—Ph), 1064, 741 (s) cm~'. — 'H NMR (300 MHz, C¢Dg, TMS):
8 =0.82 (t, J = 7.2 Hz, 3H, CH;CH,), 1.16 (dd, *Jup = 15.4 Hz,
3J = 7.2 Hz, 3H, CH,CHP), 2.12 (qd, *J = 7.2 Hz, *Jyp = 0.8
Hz, 2H, CH;CH,), 3.39 (dq, *Jup = 12.3 Hz, *J = 7.2 Hz, 1H,
CH;CHP), 6.92—7.06 (m, 6H, H,crspure). 7.69, 7.88 (m, 2H,
H, o). — BC NMR (75 MHz, C4Dg, TMS): 8 = 7.55 (s, CH;CH,),
12.69 (s, CH;CHP), 36.98 (s, CH;CH,), 44.69 (d, 'Jep = 24 Hz,
CH;CHP), 128.82, 128.87 (d, *Jcp = 10 Hz, C,.0r), 131.37, 131.51
(d, Ycp = 2 Hz, C,..), 133.27, 133.66 (d, *Jcp = 9 Hz, Cpp),
207.07 (d, 2Jep = 1 Hz, C=0). — *'P NMR (202 MHz, C¢Ds,
H3PO,): & = 22.0 (q, 'Jpg = 62 Hz). — MS (70 eV); m/z (%): 284
(2) (M™*), 283 (11) (M™* — H), 271 (19), 270 (100), 255 (16) M* —
BH; — CH;), 214 (32), 213 (25) (Ph,PCHCH?), 203 (25), 202 (8),
198 (12), 187 (10), 186 (67) (Ph,P™), 185 (53), 183 (66), 165 (10),
152 (10), 135 (15), 109 (41), 108 (55) (PhP™), 91 (9) (C;HT), 77 (7)
(CgHY), 41 (30). — C7H,,BOP (284.14): caled. C 71.86, H 7.80;
found C 71.57, H 8.30.

(+ )-( R)-3-Boranatodiphenylphosphanyl-4-heptanone  [(R)-7h]:
Hydrazone [(S,R)-6b] (424 mg, 1 mmol) was ozonolyzed according
to GP 8, yielding 244 mg (78%) of [(R)-7b] as colourless crystals.
— m.p. 63°C, [o]F = +78.8 (¢ = 1.0, C¢Hg). — IR (neat): ¥ 3100,
3057, 3032 (m, C—H,,0m), 2966, 2933, 2875 (s, CH,, CHs), 2414,
2373, 2346 (s, B—H), 1712 (s, C=0), 1587, 1577 (w,
C—C,om)» 1437 (s, P—Ph), 1106, 744, 737, 695 (s) cm~ !, — 'H
NMR (300 MHz, C¢Ds, TMS): 3 = 0.64 (t, 3/ = 7.2 Hz, 3H,
CH;CH,CH,), 0.65 (t, 3J = 7.2 Hz, 3H, CH;CH,CHP), 1.40 (m,
2H, CH;CH,CH,), 1.65 (m, | H, CH;CHHCHP), 2.06 (m, 1 H,
CH;CHHCHP), 2.13 (t, 3/ = 7.2 Hz, 2H, CH3CH,CH,), 3.40
(ddd, %Jyp= 11.8 Hz, /= 118 Hz, 3= 29 Hz I1H,
CH,CH,CHP), 6.94-7.08 (m, 6H, H,,,.s pure), 7.74, 7.96 (m, 2H,
H,.m). — C NMR (75 MHz, C¢Ds, TMS): &= 13.56 (s,
CH;CH,CH,), 13.56 (d, 3J¢p = 12 Hz, CH;CH>CHP), 16.81 (s,
CH;CH,CH,), 22.22 (s, CH;CH,CHP), 47.41 (s, CH;CH,CH,),
53.03 (d, "Jep = 24 Hz, CH;CH,CHP), 128.82, 128.90 (d, *Jcp =
10 Hz, C,.1), 131.40, 131.54 (d, *Jcp = 2 Hz, C,,,,), 133.29, 133.81
(d, 2Jep = 9 Hz, C,.p), 206.77 (d, 2Jep = 2 Hz, C=0). — 3P
NMR (202 MHz, C¢Dg, HiPOy): 8 = 19.7 (q, 'Jpg = 55 Hz). —
MS (70 eV); m/z (%): 312 (2) (M™), 311 (8) (M* — H), 298 (50)
(M* — BHj;), 269 (7) (M* — BH; — C,Hs), 227 (7) (Ph,PCHC,H
£y, 214 (12), 203 (13), 198 (7), 187 (15), 186 (100) (Ph,P™), 185
(31), 183 (26), 113 (7) (M* — Ph,P - BH;), 109 (16), 108 (28)
(PhP™), 89 (7), 55 (15). — C19HBOP (312.12): caled. C 73.10, H
8.39; found C 72.94, H 8.43.

(= )-(S)-3-Boranatodiphenylphosphanyl-4-heptanone  [(S)-7h]:
Hydrazone [(R,S)-6b} (424 mg, 1 mmol) was ozonolyzed according
to GP &8, yielding 240 mg (77%) of [(S)-7b] as colourless crystals.
— loJis = —81.4 (¢ = 1.0, C4¢Hg). The other analytical data corre-
sponded with those of [(R)-7b].

(+ )-( R)-4-Boranatodiphenylphosphanyl-5-nonanone [(R)-7¢]:
Hydrazone [(S,R)-6¢] (452 mg, | mmol) was ozonolyzed according
to GP 8, yielding 340 mg (76%) of [(R)-7¢] as a colourless oil. —
m.p. 99°C, [a]F = +73.1 (¢ = 1.0, C¢Hg). — IR (neat): v 3079,
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3026, 3008 (m, C—H,,,,.), 2959, 2932, 2872 (s, CH,, CHs), 2390
(s, B—H), 2351 (sh), 1711 (s, C=0), 1589 (w, C—C,,,,,), 1464, 1437
(s, P—Ph), 1380, 1345, 1106, 1061, 740, 696 (s) cm~'. — '"H NMR
(300 MHz, C¢Ds, TMS): 6= 0.62 (1, *J= 7.2 Hz 3H,
CHCH,CH,CH,), 0.72 (t, 3/ = 7.2 Hz, 3H, CH,CH,CH,CHP),
0.98—1.74 (m, 10H, 5 CH,), 3.56 (ddd, /,p = 11.8 Hz, *J = 11.8
Hz, 3/ = 2.6 Hz, 1H, CH;CH,CH,CHP), 6.96—7.10 (m, 6H,
Hpetapara)s 777, 8.00 (m, 2H, H,p). — *C NMR (75 MHz,
CeDs, TMS): 8= 1371 (s, CH,CH,CH,CH,), 14.00 (s,
CH;CH,CH,CHP), 22.24 (s, CH;CH,CH,CH,), 22.56 (d, *Jep =
11 Hz, CH;CH,CH,CHP), 22.48 (s, Ch;CH,CH,CH,), 30.70 (s,
CH,CH,CH,CHP), 45.33 (s, CH:CH,CH,CH,), 51.26 (d, Jep =
23 Hz, CH,CH,CH,CHP), 128.86, 128.92 (d, *Jcp = 10 Hz, Cyore)s
131.45, 131.59 (d, “Jep = 2 Hz, Cpp). 133.32, 133.85 (d, 2Jcp =
10 Hz, C,pp)s 206.94 (d, 2Jep = 2 Hz, C=0). — P NMR (202
MHz, C4Dg, H;PO,): & = 19.8 (q, 'Jps = 57 Hz). — MS (70 eV):
miz (%): 340 (1) (M™), 339 (5) (M* — H), 226 (40) (M* — BH,),
297 (4) (M* — BH; — C,Hs), 283 (7) (M* — BH; — C3Hs), 241
(8) (Ph,PCHC,H?), 227 (6) (Ph,PCHC,H?), 214 (16), 213 (9), 203
(18), 198 (8), 187 (19), 186 (100) (Ph,P*), 185 (37), 183 (56), 141
(14) (M* — Ph,P - BH), 109 (14), 108 (27) (PhP™), 89 (6), 55 (11).
— C,H3,BOP (340.25): caled. C 73.10, H 8.39: found C 72.94,
H 8.43.

(+)-( R)-2-Boranatodiphenylphosphanyl-1-phenyl-1-propanone
[(R)-7d]: Hydrazone [(S,R)-6d] (444 mg, 1 mmol) was ozonolyzed
according to GP 8, yielding 236 mg (71 %) of [(R)-7d] as colourless
crystals. — m.p. 75°C, [a]ff = +14.9 (¢ = 1.0, C¢He). — IR
(CHCl3): ¥ 3060, 3009 (m, C—H,.,.), 2935 (s, CH3), 2390 (s,
B-H), 1678 (s, C=0), 1596 (w, C~C,,,.), 1448 (s), 1438 (s,
P—Ph), 1377, 1217 (s), 1107 (s, P—Ph), 1065, 757 (s) cm~!. — 'H
NMR (300 MHz, CsDg, TMS): 8 = 1.43 (dd, *Jyp = 15.4 Hz, *J =
7.1 Hz, 3H, CH;CHP), ca. 1.9 (q, /gy = 90 Hz, 3H, BH;), 4.49
(dq, 2Jup = 8.7 Hz, 3J = 7.1 Hz, 1H, CH;CHP), 6.80—7.08 (m,
9H, H,p), 7.70, 8.13 (m, 2H, H,,0p). — C NMR (75 MHz,
C¢Dg, TMS): 8 = 14.16 (s, CH;CHP), 40.03 (d, 'Jep = 27 Hz,
CH,CHP), 126.69 (d, 'Jep = 53 Hz, C,,,p), 128.56, 128.78 (d,
2Jep = 10 Hz, C,0r), 128.54, 128.67 (C,ppm ), 131.08, 131.57 (d,
ey = 2 Hz, Cpuny), 133.00 (5, Corom ), 133.24, 133.68 (d, 2Jcp =
9 Hz, Copo)s 137.62 (s, Cipoc), 198.26 (d, 2Jcp = 5 Hz, C=0). —
3P NMR (202 MHz, CsDg, H:PO4): 8 = 25.1 (q, 'Jpg = 55 Hz).
~ MS (70 eV); miz (%): 332 (2) (M™), 331 3)(M™* — H), 319 (21),
318 (100) M* — BHy), 317 (37), 214 (10), 213 (9) (Ph,PCHCH?Y),
202 (22), 201 (8), 187 (7), 186 (49) (Ph,PH™), 185 (34), 183 (39),
155 (7), 152 (7), 133 (6) (M* — PhaP - BHy), 109 (18), 108 (29)
(PhP*), 91 (19) (C,HT), 77 (28) (CcHT), 65 (10), 41 (15). ~
C5 H,BOP (332.19): caled. C 75.93, H 6.68; found C 7597, H
7.06.

(+ )-( R)-3-Boranatodiisopropylphosphanyl-4-heptanone [(R)-Te]:
Hydrazone [(S,R)-6€] (356 mg, 1 mmol) was ozonolyzed according
to GP 8, yielding 190 mg (78 %) of [(R)-7e] as a colourless oil. —
[]E = +201.5 (¢ = 1.0, C¢Hg). — IR (neat): ¥ 2965, 2935, 2876
(s, CH,, CHs), 2381 (s, B—H), 2345 (sh), 1709 (s, C=0), 1462,
1388, 1370 (s), 1322 (m), 1068, 1041, 687 (s) cm~!, — 'H NMR
(300 MHz, CcD,, TMS): 8= 066 (t, *J= 7.2 Hz, 3H,
CH,CH,CH.,), 0.88 (t, °J = 7.2 Hz, 3H, CH,CH,CHP), 0.90, 0.95,
1.00, 1.06 (dd, 2Jyp = 15 Hz, *J = 7 Hz, 3H, PCHCH;), 1.32 (m,
1H, CH;CHHCH,), 1.65 (m, 2H, CH,CH,CHP), 1.75 (m, 1H,
PCHCHs3), 1.94 (m, 1H, CH;CHHCHP), 2.01 (m, 1H, PCHCH3),
219 (ddd, J = 180 Hz, J = 7.5 Hz, J = 6.7 Hz, 1H,
CH,CH,CHH), 2.74 (ddd, J = 12.2 Hz, J = 10.6 Hz, J = 2.1 Hz,
1H, CH;CH,CHP), 2.92 (ddd, J = 18.0 Hz, /= 7.5 Hz, J = 5.0
Hz, | H, CH;CH,CHH). — '*C NMR (75 MHz, C;,Dg, TMS): § =
13.79 (s, CH;CH,CH,), 13.94 (d, *Jcp = 9 Hz, CH;CH,CHP),
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17.03 (s, CH;CH,CH,), 16.34, 16.69, 17.22, 17.36, 17.38, 17.62,
17.65, 18.47 (PCHCHs), 20.79, 20.90, 21.84, 21.21 (PCHCHs),
21.27 (s, CH;CH,CHP), 48.79 (d, 'Jep = 17 Hz, CH,CH,CHP),
48.99 (s, CH;CH,CH,), 206.77 (s, C=0). — *'P NMR (202 MHz,
CeDyg, HsPOy): 8 = 358 (q, 'Jpg = 59 Hz). — MS (70 eV); mi/=
(Y): 244 (5) (M*), 243 (31) (M* — H), 231 (10), 230 (54), (M*+ —
BH,), 215 (21), 202 (15), 201 (28) (M* — BH; — C,Hy), 188 (18)
(M* — BH, — C3Hy), 187 (11), 159 (28), 146 (39), 145 (14), 135
(46), 119 (16), 118 (100) (iPr,H*), 117 (22), 76 (22), 75 (15), 55
(19), 43 (16), 41 (13). — C;3H3,BOP (244.16): caled. C 63.95, H
12.39; found C 63.98, H 12.50.

2-Diphenylphosphanyl-3-pentanone (4): a) To a solution of 382
mg (1 mmol) hydrazone (S,R)-3a in 10 ml n-pentane, was added 5
ml of 2.5 M HCI under argon. After stirring for 30 min at room
temperature, the organic phase was washed with pH 7 buffer, ex-
tracted with n-pentane and concentrated in vacuo, yielding 186 mg
(50%) of 4 as a colourless oil.

b) To a solution of 142 mg (0.5 mmol) 2-boranatodiphenylphos-
phanyl-3-pentanone (R)-7a in 2 ml toluene, was added 112 mg (1
mmol) DABCO at room temperature. After extraction of the excess
DABCO with HCI (0.1 M) the organic phase was washed with pH
7 buffer, extracted with n-pentane and concentrated in vacuo, yield-
ing 70 mg (52%) of (R)-4 as a colourless oil.

¢) To a solution of 142 mg (0.5 mmol) 2-boranatodiphenylphos-
phanyl-3-pentanone (R)-7a in 1 ml acetone, was added 240 mg (1.5
mmol) HBF, - Et,O. After stirring for 30 min at room temperature,
the organic phase was washed with pH 7 buffer, extracted with n-
pentane and concentrated in vacuo, yielding 109 mg (82%}) of (R)-
4 as a colourless oil. — [a] = +102.2 (c = 1.0, CDCl;). — IR
(neat): ¥ 3061, 3041 (m, C—H,,,,,.), 2960, 2920, 2863 (s, CH,, CH3),
1700 (s, C=0), 1563 (m, C—C,,,,.), 1476 (s), 1450, 1430 (s, P—Ph),
1371, 1340 (s), 1107 (s, P—Ph), 1088, 1021, 943, 741 (s) cm™!. —
'H NMR (300 MHz, CDCl;, TMS): & = 0.85(t, J = 7.2 Hz, 3H,
CH,CH>), 1.21 (dd, *Jyp = 13.4 Hz, *J = 6.7 Hz, 3H, CH;CHP),
2.25 (m, 2H, CH3CH,), 3.49 (qd, *J = 6.8 Hz, 2Jyp = 4.8 Hz, 1 H,
CH;CHP), 7.22—7.50 (m, 10H, H,,,,). — *C NMR (75 MHz,
CDCl;, TMS): 8 = 7.54 (s, CH;CH,), 14.00 (d, 2Jcp = 15 Hz,
CH;CHP), 35.48 (d, *Jep = 4 Hz, CH;CH,), 46.55 (d, 'Jep = 21
Hz, CH;CHP), 128.32, 128.35 (d, *Jcp = 7 Hz, C,,010), 128.99 (d,
Uep = 9 Hz, C,u). 13295, 13331 (d, 2ep = 20 Hz, C,po),
138.98, 195.85 (d, 'Jep = 16 Hz, Cyy,), 21131 (d, *Jcp = 8 Hz,
C=0). — *'P NMR (121 MHz, CDCl;, H;POy): 3 = —0.6 (s). —
MS (70 eV); m/z (%): 271 (18) (M™ + H), 270 (98) (M™), 269 (39)
(M* — H), 255 (22) (M* — CHs;), 214 (8), 213 (43) (Ph,PCHCH
7). 203 (48), 202 (18), 187 (8), 186 (61), 185 (29) (Ph,P™), 183 (54),
152 (9), 135 (30), 109 (100), 108 (35) (PhP™), 91 (14) (C;H?), 77
(6) (C¢HT). — C7H,40P: caled. 270.11735; found 270.11738 (MS).

2-Diphenylphosphinoyl-3-pentanone (5): Hydrazone [(S.R)-3a]
(382 mg, | mmol) was ozonolyzed according to GP 8. The phos-
phorus was completely oxidized in the crude product. Chromatog-
raphy yielded 202 mg (70%) of 5 as colourless crystals. — m.p.
83°C. — IR (KBr): v 3055, 3023 (m, C—H,,,...), 2976, 2896, 2877
(s, CH,, CH3), 1708 (s, C=0), 1591 (m, C—C,,,,.), 1485 (s), 1439
(s, P—Ph), 1408 (s), 1379, 1350 (s), 1210 (12), 1181, 1120, 1074 (s,
P—Ph), 1074, 1043, 1027, 1011, 990, 950 (s), 721, 711, 701 (s) cm~".
— 'H NMR (300 MHz, CDCl;, TMS): 3 = 0.81 (t, J = 7.2 Hz,
3H, CH;CH,), 1.31 (dd, *Jyp= 162 Hz, /= 7.2 Hz, 3H,
CH;CHP), 2.48 (q, 3H, J = 7.2 Hz, CH;CH>), 3.6 (dq. *Jyp =
143 Hz, /= 7.0 Hz, 1H, CH,CHP), 7.36-7.50 (m, 6H,
H,oia para)s 7.66—7.79 (m, 4H, H,4,). — "C NMR (75 MHz,
C¢Dg, TMS): 8= 7.52 (s, CH;CH,), 11.54 (d, 2Jp = 4 Hz,
CH;CHP), 36.43 (s, CH3;CH,), 50.44 (d, 'Jep = 58 Hz, CH;CHP),
128.73, 128.75 (d, *Jep = 12 Hz, C,p), 131.36. 131.39 (d. 2J¢p =
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9 Hz. C,0), 13224, 132.19 (d. “Jep = 3 Hz, C,..,.), 208.15 (d,
2Jep = 2 Hz, C=0). — *'P NMR (121 MHz, CDCl;, H;PO,): & =
310 (s). — MS (70 eV); milz (%): 286 (38) (M ™), 231 (9), 230 (51),
229 (32) (Ph,POCHCHZY), 220 (11), 219 (81), 203 (10), 202 (78),
201 (100) (Ph,PO™), 155 (16), 141 (9), 105 (12), 77 (38) (CgH ), 51
(18), 47 (22). — C;7H,0-P (286.31): caled. C 71.32, H 6.69; found
C 71.09, H 6.83.

(+)-128.2"Rj-1-[(2'-Boranatodiisopropylphosphanyl) prop-1'-
videneamino J-2-methoxymethylpyrrolidine [(S,R)-11a): 1.70 g (10
mmol) hydrazone (S,R)-9b was reacted with 1.98 g (13 mmol)
(CIPiPr> and 1.3 ml (13 mmol) BH; - SMe, according to GP 6,
vielding 2.22 ¢ (74%) of 11a as a colourless oil. IR (neat): v 2963,
2933, 2874, 2827 (s, CH», CHy). 2373 (s, B—H), 2341 (sh), 1589
(C=N). 1461 (m), 1369, 1342, 1303, 1197 (m), 1123, 1069 (s), 1035
(m), 926. 885, 755, 692 (s) cm~'. — '"H NMR (300 MHz, CDCls,
TMS) (Z): & = 1.24, 1.28 (dd, *Jyp = 13.7 Hz, J = 7.1 Hz, 6H,
[(CH;)-CHPY, 1.39 (dd, *Jup= 14.1 Hz, J= 7.2 Hz, 3H,
CH:CHP), 1.54-2.20 (m, 6H, NCH,CH-CH,, NCH,CH,CH,,
[(CH3)-CHP)), 2.58 (m, 1 H, NCHH), 3.24-3.53 (m, SH, NCH,
NCHH, CH,0, CH;CHP), 3.33 (s, 3H, OCH3), 6.87 (dd, J = 94
Hz. J = 5.1 Hz. 1H, HC=N). — '"H NMR (300 MHz, CDCl;,
TMS) (£): 6= 1.17-1.28 (m, 12H, [(CH;),CHP]). 1.36 (dd,
Jup = 13.5 Hz, J = 7.4 Hz, 3H, CH;CHP), 1.75-2.20 (m, 6 H,
NCH->CH-CH>, NCH>CH>CH,, [(CH3),CHP)), 2.79 (m, 1H,
NCHH). 3.02 (m, 1H, CH;CHP), 3.22-3.46 (m, 3H, NCHH,
CH-0). 3.37 (s, 3H. OCHs), 3.54 (m, 1 H, NCH), 6.57 (dd, J = 6.9
Hz,J = 2.9 Hz, | H. HC=N). — *C NMR (75 MHz, C4D, TMS)
(£): 8 = 13.95 (s, CH;CHP), 17.31, 18.13 (d, 2Jcp = 1 Hz), 17.70,
1826 (s) [(CH;)-CHP], 21.85, 2221 (d, 'Jep= 30 Hz,
[(CH3)>CHP]), 23.30 (s, NCH>CH,CH>), 26.94 (s, NCH,CH,CH»),
28.03 (d. "Jep = 26 Hz, CH;CHP), 56.76 (s, NCH,), 59.00 (s,
OCH,). 67.14 (s, NCH), 75.94 (s, CH,0), 151.72 (d, >Jep = 2 Hz,
C=N). — *C NMR (75 MHz, C;D¢, TMS) (E): & = 14.04 (s,
CH,CHP), 17.62, 17.85, 17.91, 18.04 [(CH;),CHP], 21.63, 22.75 (d,
"Jep = 30 Hz, [(CH3),CHP], 22.15 (s, NCH,CH>CH,), 26.68 (s,
NCH,CH>CH,), 31.20 (d. "Jep = 29 Hz, CH;CHP), 50.00 (s,
NCH-), 39.24 (s, OCH3), 63.32 (s, NCH), 74.65 (s, CH,0), 134.45
(d, 2Jep = 2 Hz. C=N). — *'P NMR (202 MHz, CDCls, H;PO,)
(£): 8= 36.8(q, Jpy = 72 Hz). - MS (70 eV); m/z (%): 300 (26)
(M), 299 (17). 255 (100) (M* — C,H;0), 186 (24) (M* —
NC.H 20), 169 (35) (M’ — iProP - BH3), 126 (12), 125 (22) (M*
- iPrsP - BH; — C,H,0), 117 (18) (iPr,P*), 84 (6) (CsH(N*), 75
9) (PrPH*). 70 (20) (C,HgN*), 45 (23) (C,H0"). —
CsHyBN-OP (300.23): caled. C 60.01, H 11.42, N 9.33; found C
59.98, H 11.25, N 7.65.

(+7(282 R E)-1(2'-Boranatodiphenylphosphanyl)prop-1'-
vlidencamino J-2-( I'-methoxy-1"-ethylpropyl) pyrrolidine  [(S,R,E)-
I1¢]: 2.26 g (10 mmol) hydrazone (S,R)-9¢ was reacted with 2.87 g
(13 mmol) CIPPh, and 1.3 ml (13 mmol) BH; - SMe, according to
GP 6. After isomerisation to the (E)-form, flash chromatography
atforded 2.78 g (65%) of the major diastereomer of (S,R.E)-11c as
a colourless oil. — [a]Ey = +85.9 (¢ = 1.0, CHCl3). — IR (neat): ¥
3078. 3038 (m. C—H,,,..), 2969, 2936, 2879, 2826 (s, CH,. CH,),
2384 (s, B—H), 2347 (sh), 1586 (C=N), 1482, 1455 (m), 1437 (s,
P—Ph), 1346, 1205 (m). 1107 (s, P—Ph), 1065, 740, 696 (s) cm~".
— '"H NMR (300 MHz, CDCl;, TMS): 6 = 0.82, 0.83 (t, J = 7.2
Hz, 3H, CH,CH-), 1.32 (dd. *Jyp = 15.1 Hz, *J = 7.2 Hz, 3H,
CH-.CHP), 1.38—1.94 (m, 8H, NCH,CH,CH,, NCH,CH,CH,,
CH:CH-~), 2.54 (m, IH, NCHH), 3.18-323 (m, 2H, NCH,
NCHH). 3.19 (s, 3H, OCH,), 3.52 (m, [ H, CH;CHP), 6.36 (dd,
J= 74 Hz, J= 37 Hz, 1H, HC=N), 7.33-7.51 (m, 6H,
H,erapra)s 7.75 (mo 4H, H,,,,). — “C NMR (75 MHz, CDCI;,
TMS): 8= 857, 7.80 (s. CH3;CH,), 13.24 (d, 2Jep= 2 Hz,
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CH,CHP), 23.65, 24.33 (5, CH;CH,, NCH,CH,CH,), 26.15 (s,
NCH,CH,CH,), 34.72 (d, 'Jep = 34 Hz, CH,CHP), 50.41 (s,
OCH,), 50.98 (5, NCH,), 68.39 (s, NCH), 80.18 (s, (Et,)CO),
128.22, 128.68 (d, *Jep = 10 Hz, Cyrora), 129.87 (s, C=N), 130.92,
131.13 (d, “Jep = 3 Hz, Cpp), 13378, 133.31 (d, 2ep = 9 Hz,
Coomo)- — ¥P NMR (121 MHz, CDCl;, H;PO,): & = 22.1 (q,
s = 64 Hz). — MS (70 eV): miz (%): 424 (3) (M™), 323 (100)
(M* — Et,COCHs), 310 (10), 309 (46) (E,COCH; — BHs), 240
(12), 225 (4) (M* — Ph,P - BHa), 185 (7) (Ph,P*), 183 (7), 125
(16), 109 (10) (PhPH*), 101 (14), 70 (14) (C,HgN™), 45 (10), 41
(10). — CysH3BN,OP (424.37): caled. C 70.76, H 9.03, N 6.60;
found C 71.26, H 9.32, N 6.38.

(+)-(2S.2'R)-1-[(2'~-Boranatodiphenylphosphany!)prop-1'-
ylideneamino J-2-methoxymethylpyrrolidine [(S,R)-11b]: a) 1.70 g (10
mmol) hydrazone (S)-9b was reacted with 3.05 g (13 mmol) CIPPh,
- BH; according to GP 5, yielding 2.06 g (56%) of (S,R)-11b as a
colourless oil.

b) 1.70 g (10 mmol) hydrazone (S)-9b was reacted with 2.87 g
(13 mmol) CIPPh, and 1.3 ml (13 mmol) BH; - SMe; according to
GP 6, yielding 1.80 g (49%) of (S,R)-11b as a colourless oil. After
crystallization of the (Z)-configured major diastereomer and pre-
parative HPLC of the mother liquor, 1.18 g (32%) of diastereomer-
ically pure (S,R)-11b was isolated. — m.p. (Z) 136°C, [o]¥ =
+157.6 (¢ = 1, CHCL) (Z, de = 98%). ~ IR (KBr): v 3058 (m,
C—~H,,,,,.), 2966, 2923, 2873, 2855, 2831, 2809 (s, CH,, CH;), 2373
(s, B—H), 2346 (sh), 1622 (C—C,,,,..). 1575 (C=N), 1479, 1452 (m),
1438 (s, P—Ph), 1331, 1196 (m), 1108 (s, P—Ph), 1068, 1038, 1025,
969, 900, 744, 692 (s) cm ™. — TH NMR (300 MHz, CDCl;, TMS)
(2): 8 = 1.31 (dd, *Jyp = 16.6 Hz, 3J = 7.4 Hz, 3H, CH,CHP),
1.60—2.15 (m, 4H, NCH,CH,CH,, NCH,CH,CH,), 2.65 (m, 1H,
NCHH), 3.13-3.52 (m, 4H, NCH, NCHH, CH-0), 3.35 (s, 3H,
OCHy), 3.98 (ddq, 2Jyp = 14.1 Hz, 3/ = 9.4 Hz, *J = 7.1 Hz, 1 H,
CH;CHP), 6.93 (dd, *J = 9.4 Hz, 3Jyp = 5.1 Hz, 1H, HC=N),
7.37-1.54 (m, 6H, H, .01 par), 7.68=7.79 (m, 4H, H,,;,). — 'H
NMR (300 MHz, CDCl;, TMS) (E): § = 1.30 (dd, *Jy;p = 16.2 Hz,
3J =72 Hz, 3H, CH;CHP), 1.64—-1.95 (m, 4H, NCH,CH,CH,,
NCH,CH,CH,), 2.5t (m, 1 H, NCHH), 3.04-3.46 (m, 4H, NCH,
NCHH, CH,0), 3.30 (s, 3H, OCH3), 3.60 (ddq, 2Jup = 14.8 Hz,
3] =74 Hz, *J = 7.2 Hz, 1 H, CH;CHP), 6.43 (dd, *J = 7.4 Hz,
*Jup = 3.4 Hz, 1H, HC=N), 7.33-7.52 (m, 6 H. H,.cu. para)» 7.76
(m, 4H, H,,;z,). — *C NMR (75 MHz, C4,D¢, TMS) (Z2): § = 14.04
(s, CH;CHP), 23.24 (s, NCH,CH,CH,), 27.34 (s, NCH,CH,CH,),
30.97 (d, Jep = 34 Hz, CH;CHP), 56.80 (s. NCH,), 59.18 (s,
OCH3), 67.11 (s, NCH), 76.24 (s, CH,0), 127.61, 127.94 (d, 'Jcp =
54 Hz, C,,,), 128.60, 128.83 (d, *Jcp = 10 Hz, C,,,...), 131.47 (s,
Cpuna), 132,69, 133.80 8d, *Jcp = 9 Hz, C,10), 150.97 (s, C=N). —
13C NMR (75 MHz, C,Dy, TMS) (E): & = 13.51 (d, 2Jep = 2 Hz,
CH;CHP), 22.13 (s, NCH,CH,CH,), 26.37 (s, NCH,CH,CH>),
34.59 (d, Jep = 35 Hz, CH;CHP), 49.83 (s, NCH,), 59.06 (s,
OCH,), 63.35 (s, NCH), 76.43 (s, CH,0), 128.17, 128.71 (d, 3Jcp =
10 Hz, C,(), 130.94, 131.14 (d, “Jcp = 2 Hz, C,.,.), 131.54 (s,
C=N), 132.61, 133.18 (d, 2Jep = 9 Hz, C,,,). — *'P NMR (202
MHz, CDCl;, H4POy) (Z): § = 25.0 (q, Jpg = 63 Hz). — MS (70
eV), miz (%): 368 (29) (M), 323 (70) (M* — C,H;0), 254 (58)
(M*™ — NCgH ,0), 185 (25) (Ph,P™), 183 (17), 169 (100) (M™ —
PH,P - BHj3), 125 (22) (M* — Ph,P - BH; — C,H,0), 114 (14)
(NC,H;-,0"), 109 (23) (PhPH™), 84 (10) (CsH;(N*), 70 (40)
(C4HgN "), 45 (55) (C3HsOF). — C51H;30BN,OP (368.26): caled. C
68.49, H 8.21, N 7.61; found C 68.38, H 8.35, N 7.65.

(+)-(282'S E)-1-[(2'-Boranatodiphenylphosphany! ) prop-1'-
vlideneamino J-2-methoxymethylpyrrolidine [(S,S)-11b]: 340 mg (1
mmol) hydrazone (S)-10a was reacted with 213 mg (1.5 mmol) Mel
and 0.1 m! (1 mmol) BH; - SMe, according to GP 7, yielding 221
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mg (60%) of (S,S)-11b as a colourless oil. — [a] = +140.4 (c =
1, CHCl;). — '"H NMR (300 MHz, CDCl;, TMS) (E): 6 = ca. 1.0
(q, "Jus = 90 Hz, BHy), 1.29 (dd, 3Jyp = 16.2 Hz, 3/ = 7.2 Hz,
3H, CHCHP), 165-196 (m, 4H, NCH,CH.CH,,
NCH,CH,CH>), 2.76 (m, 1 H, NCHH), 3.07—3.45 (m, 4H, NCH,
NCHH, CH,0), 3.29 (s, 3H, OCH3), 3.57 (ddq. 2Jyp = 14.8 Hz,
3] = 74 Hz, 3J = 7.2 Hz, 1 H, CH;CHP), 6.38 (dd, 3/ = 7.4 Hz,
3Jup = 3.6 Hz, IH, HC=N), 7.36-7.49 (m, 6 H, H,p0ra purc)> 7.77
(m, 4H, H,,,;,). — C NMR (75 MHz, CDCl;, TMS): & = 13,94
{d, *Jep = 2 Hz, CH;CHP), 21.99 (s, NCH.CH,CH,), 26.76 (s,
NCH,CH,CH,), 3442 (d, "Jep = 35 Hz, CH,CHP), 49.33 (s,
NCH,), 59.18 (s, OCH3), 62.80 (s, NCH), 74.55 (s, CH,0), 128.54
(d, Jep = 55 Hz, C,,), 128.40, 128.76 (d, *Jcp = 10 Hz, C,pro).
130.98, 131.16 (d, */cp = 2 Hz, C,)s 131.95 (s, C=N), 132.78,
133.17 (d. 2Jep = 9 Hz, Cyppi)-

The other analytical data corresponded with those of hydrazonc
(S,R)-11b.

(+)-(282'R)-1-[(2'-Boranatodiphenylphosphanyl)but-1'-
ylideneamino J-2-methoxymethylpyrrolidine [(S,R)-11d]: a) 1.84 g (10
mmol) hydrazone (5)-9d was reacted with 3.05 g (13 mmol) CIPPh,
- BH; according to GP 5, yielding 1.53 g (40%) of (S,R)-11d as a
colourless oil.

b) 1.84 g (10 mmol) hydrazone (S)-9d was reacted with 2.87 g
(13 mmol) CIPPh; and 1.3 ml (13 mmol) BH;' SMe, according to
GP 6, yielding 2.56 g (67%) [1.91 g (50%) after purification of the
major diastereomer] of (S,R)-11d as a colourless oil. — m.p. (Z)
113°C, [a] = +136.2 (¢ = 1, CHCLy) (Z, de = 98%). — IR (KBr):
v 3077, 3057, 3024 (m, C—H,,0m), 2965, 2930, 2873, 2826 (s, CH,,
CHy), 2383 (s, B—H), 2347 (sh), 1626 (C—C,,,), 1587 (C=N),
1483, 1459 (m), 1437 (s, P—Ph), 1340, 1197 (m), 1107 (s, P—Ph),
1061, 739, 696 (s) em~!. — 'H NMR (300 MHz, CDCl;, TMS)
(Z): 3 =10.94 (t, 3 = 7.4 Hz, 3H, CHj3), 1.49 (m, 1 H, CH;CHH),
1.71-2.04 (m, 5H, NCH,CH,CH,, NCH,CH,CH,, CH,CHH),
2.70 (m, 1 H, NCHH), 2.76—3.50 (m, 4H, NCH, NCHH, CH,0),
3.28 (s, 3H, OCH,), 3.92 (m, 1H, CH;CH,CHP), 6.78 (dd, J =
9.7 Hz, J = 4.1 Hz, 1 H, HC=N), 7.35-7.55 (m, 6 H, H,,..u pura)-
7.69—7.85 (m, 4H, H,,,;,). — 'H NMR (300 MHz, CDCl;, TMS)
(E): = 094 (t, 3J= 7.4 Hz, 3H, CH;), 1.50-1.95 (m, 6H,
NCH,CH,CH,, NCH,CH,CH,, CH;CH,), 2.48 (m, | H, NCHH),
3.01-3.48 (m, 5H, NCH, NCHH, CH,0, CH;CH,CHP), 3.31 (s,
3H, OCHa), 6.36 (dd, J = 78 Hz, J= 7.8 Hz, J = 3.8 Hz, 1 H,
HC=N), 7.29-7.48 (m, 6 H, H,.cr0 para)> 7.69—7.85 (m, 4H, H,,,,,,,).
— 13C NMR (75 MHz, CDCl;, TMS) (Z): 3 = 13.33(d. 3Jp = 11
Hz, CHy), 21.94 (d, 2Jep= 2 Hz, CH;CH,), 2325 (s,
NCH,CH,CH,), 27.26 (s, NCH,CH,CH,), 38.00 (d, 'Jcp = 31 Hz,
CH;CH,CHP), 55.71 (s, NCH,), 59.03 (s, OCH3), 66.87 (s, NCH),
75.88 (s, CH,0), 128.46, 128.86 (d, 3Jep = 10 Hz, C,...), 131.30,
13146 (d, “Jep = 2 Hz, Cpu), 132.76. 133.12 (d, 2ep = 9 Hz,
Coro), 148.02 (s, C=N). — 3C NMR (75 MHz, CDCl;, TMS) (E):
= 1351 (d, Jep= 13 Hz, CHy), 21.92 (d, 2Jep= 3 Hz,
CH;CH,), 22.75 (s, NCH-CH,CH,), 26.91 (s, NCH,CH,CH,),
42.36 (d, 'Jep = 35 Hz, CH3;CH,CHP), 50.61 (s, NCH>), 59.72 (s,
OCHs;), 64.02 (s, NCH), 75.04 (s, CH,0), 128.73, 129.36 (d, *Jcp =
10 Hz, C,,...), 13148, 131.78 (d, *Jcp = 2 Hz, C,,.). 13247 (s,
C=N), 133.16, 133.76 (d, *Jcp = 9 Hz, C,s). — *'P NMR (202
MHz, CDCl;, H3PO,) (Z2): § = 23.3 (q, 'Jpg = 61 Hz). — MS (70
eVy; mlz (%): 382 (39) (m™), 381 (20), 338 (21), 337 (89) (M*+ —
C,H;0), 268 (25) (M* — NC4H,,0), 212 (12), 185 (31) (Ph,P™),
183 (100) (M™ — Ph,P - BH3), 151 (14), 141 (12), 139 (17) (M* -
Ph,P - BH; — C,H,0), 126 (20), 114 (27) (NC¢H,,0%), 109 (17)
(PhPH™), 108 (14), 84 (21) (CsH N ™), 70 (87) (C4HgN™), 55 (34).
— C5H3BN>OP (382.29): caled. C 69.12, H 8.44, N 7.33; found
C 69.46, H 8.61, N 7.03.
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(+)-(2852'S,E)-1-[(2'-Boranatodiphenylphosphany!)but-1'-
yiideneamino J-2-methoxymethylpyrrolidine [(S,S)-11d]: 340 mg (1
mmol) hydrazone (S)-10 was reacted with 234 mg (1.5 mmol) EtI
and 0.1 ml (1 mmol) BH; - SMe, according to GP 7, yielding 241
mg (63%) of hydrazone (S,S,E)-11d as a colourless oil. — [o] =
+114.1 (¢ = 1, CHCl3). — '"H NMR (300 MHz, CDCl;, TMS) (£):
&= 093 (&, 3J= 74 Hz, 3H, CH;), 1.50—1.95 (m, 6H.
NCH,CH,CH,, NCH,CH,CH>, CH;CH>), 2.78 (m, | H, NCHH),
3.01-3.48 (m, 5H, NCH, NCH#, CH,0, CH;CH,CHP), 3.27 (s,
3H, OCH,), 6.30 (dd, J= 8.0 Hz, J= 3.7 Hz, 1H, HC=N),
7.32-7.52 (m, 6H, H,er pura), 7.69—7.83 (m, 4H, H,,,,,). — '*C
NMR (75 MHz, CDCl;, TMS) (E): 8 = 12.81 (d., *Jcp = 13 Hz,
CHs), 21.21 (d, 2J¢p = 3 Hz, CH;CH,). 21.95 (s, NCH,CH-CH>),
26.76 (s, NCH,CH,CH,), 41.53 (d, J¢p = 35 Hz, CH;CH,CHP),
49.53 (s, NCH,), 59.15 (s, OCHj;), 62.73 (s, NCH), 74.57 (s, CH,0),
128.31, 128.76 (d, 3Jp = 10 Hz, C,,,.,..), 131.86, 131.11 (d, “Jcp =
2 Hz, C,,), 132.16 (s, C=N), 133.65, 133.16 (d, *Jep = 9 Hz,
Corio). — P NMR (202 MHz, CDCls, H3PO,): § = 19.5 (s, br.).

The other analytical data corresponded with those of (S,R)-11d.

(+)-(282"R)-1-[(2'-Boranatodiphenylphosphany!)pent-1'-
viideneamino J-2-methoxymethylpyrrolidine [(S,R)-11e]: a) 1.96 g (10
mmol) hydrazone (S)-9e was reacted with 3.05 g (13 mmol) CIPPh,
- BH; according to GP 5, yielding 1.58 g (40%) of (S,R)-11e as a
colourless oil.

b) 1.96 ¢ (10 mmol) hydrazone (S)-9e was reacted with 2.87 g
(13 mmol) CIPPh; and 1.3 ml (13 mmol) BH; - SMe, according to
GP 6, yielding 2.73 g (69%) of (S,R)-11e as a colourless oil. After
crystallization of the (Z)-configured major diastereomer and pre-
parative HPLC of the mother liquor, 2.38 g (60%) of diastereomer-
ically pure (S,R)-11e was isolated. — m.p. (Z) 79°C, [a]) = +114.1
(¢ = 1, CHCl3) (Z, de = 98%). — IR (neat): v 3078, 3057, 3024 (m,
C—H,,...), 2959, 2931, 2872, 2826 (s, CH,, CH3), 2384 (s, B—H),
2349 (sh), 1587 (C=N), 1483, 1461 (m), 1437 (s, P—Ph), 1341, 1197
(m), 1108 (s, P=Ph), 1061, 739, 695 (s) cm~'. — '"H NMR (300
MHz, CDCl;, TMS) (Z): § = 0.84 (t, *J = 7.3 Hz, 3H, CH;),
1.19-2.01 (m, 8H, CH;CH,, CH;CH,CH,, NCH,CH,CH,,
NCH,CH,CH;), 2.70 (m, | H, NCHH), 2.77, 2.99 (m, | H, CH,0),
3.20 (m, 1 H, NCHH), 3.27 (s, 3H, OCHy), 3.37 (m, 1H, NCH),
4.04 (m, 1H, CH;CH,CH,CHP), 6.79 (dd. J = 9.5 Hz, J = 3.9 Hz,
IH, HC=N), 7.34=7.54 (m, 6H, H,uw pur). 7.68—7.86 (m,
4H, H,;,). — 'H NMR (300 MHz, CDCl;, TMS) (£): § =
0.84 (t, *J = 7.0 Hz, 3H, CHjy), 1.20—1.97 (m, 8H, CH;CH,,
CH,;CH,CH,, NCH,CH-CH,, NCH,CH,CH,), 2.47 (m, 1H,
NCHH), 297-353 (m, 5H, CH,O, NCHH, NCH,
CH,CH,CH,CHP), 3.33 (s, 3H, OCH,), 6.36 (dd, J = 7.8 Hz, J =
3.5 Hz, | H, HC=N), 7.31=7.50 (m. 6 H, H, 01 par) 7.697.84 (m,
4H, H,,4,). — *C NMR (75 MHz, CDCl;, TMS) (2): 6 = 14.11
(s, CHs), 2193 (d, ¥Jep= 10 Hz, CHiCH,), 23.23 (s
NCH,CH,CH,), 27.19 (s, NCH,CH>CH,), 30.80 (d, >Jcp = 2 Hz,
CH,CH,CHs), 36.68 (d, 'Jcp = 32 Hz, CH;CH,-CH,CHP), 55.53
(s, NCH,), 58.99 (s, OCH;), 66.88 (s, NCH). 75.80 (s. CH,0O),
127.93, 128.16 (d. 'Jcp = 54 Hz; C;,,.), 128.41, 128.85 (d, *Jcp =
10 Hz, C,.0.0), 131.26, 131.48 (d, */cp = 2 Hz, C,,,,,,). 132.75, 133.07
(d, Zep = 9 Hz, C,,0), 147.91 (s, C=N). — '*C NMR (75 MHz,
CDCl;, TMS) (E): 8 = 13.61 (s, CH3), 21.27 (d, *Jep = 12 Hz,
CH;CH,), 23.19 (s, NCH,CH,CH,), 26.35 (s, NCH-CH,CH-),
29.83 (d. *Jep = 3 Hz, CH3;CH,CH,), 39.83 (d. 'Jep = 35 Hz
CH;CH,CHP), 50.10 (s, NCH,), 59.16 (s, OCH3), 63.50 (s, NCH),
74.54 (s, CH,0). 128.14, 128.78 (d, *Jep = 10 Hz, C,,.,.). 130.88,
131.21 (d, *Jep = 2 Hz, C,,), 13231 (5, C=N), 132.75, 133.07 (d.
“Jep = 9 Hz, Coupy). — *'P NMR (202 MHz, CDCl;, H;PO,) (Z):
d=23.0(q, "Jpg = 64 Hz). — MS (70 eV); m/= (%): 396 (56) (M ™).
395 (21), 352 (23), 351 (97) M* — C,H;0), 282 (24) (M*+ -
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NCH,0), 212 (8), 198 (20), 197 (100) (M* — Ph,P - BH;), 185
(27) (Ph2P "), 183 (26), 153 (14) (M™* — Ph,P - BH; — C,H,0), 151
(14), 141 (12), 126 (19). 123 (16), 114 (23) (NC¢H,,0™), 109 (11)
(PhPH™), 108 (12), 84 (25) (CsH(N™), 70 (72) (CsHgN¥), 55 (24).
— Cy3H34BN,OP (382.29): caled. C 69.71, H 8.65, N 7.07; found
C 69.51, H 8.84, N 7.30.

(= )-(2R2'S)-1-[(2'-Boranataodiphenylphosphanyl)pent-1'-
Videneamino J-2-methoxymethylpyrrolidine [(R,S)-11e]: 1.96 g (10
mmol) hydrazone (R)-%e was reacted with 2.87 g (13 mmol) CIPPh,
and 1.3 ml (13 mmol) BH; - SMe, according to GP 6, yielding 2.63
2 (66%) of (R,S)-11e as a colourless oil. After crystallization of the
(Z)-configured major diastereomer and preparative HPLC of the
mother liquor, 2.35 g (59%) of diastereomerically pure (R,S)-76e
was isolated. — [of = —112.2 (¢ = 1, CHCls) (Z, de = 98%).

The other analytical data corresponded with those of hydrazone
(S,R)-11e,

(+)-(25.2"S)-1-[(2'-Boranatodiphenylphosphany!)pent-1'-
vlideneamino [-2-methoxymethylpyrrolidine [(S,S)-1e]: 340 mg (1
mmol) hydrazone (S)-10 was reacted with 255 mg (1.5 mmol) nPrl
and 0.1 ml {1 mmol) BH; - SMe; according to GP 7, yielding 245
mg (62%) of hydrazone (S,S)-11e as a colourless oil. After prepara-
tive HPLC, 206 mg (52%) of diastereomerically pure (S,S)-11¢ was
isolated. — o] = +173.4 (¢ = 1.1, CHCly) (£). — 'H NMR (300
MHz, CDCl;, TMS) (£): 8= 0.85 (t. /= 7.3 Hz, 3H, CH,),
1.19-1.92 (m, 8H, CH;CH,, CH;CH,CH,, NCH,CH,CH,,
NCH-CH-CH,), 2.37 (m, 1H, NCHH), 3.16—3.39 (m, 4H,
NCHH, CH-O, NCH), 3.32 (s, 3H, OCH3), 4.19 (m, 1H,
CH;CH-,CH-CHP), 7.14 (dd, J= 9.1 Hz, J= 33 Hgz, |H,
HC=N), 7.30—-7.90 (m, 10H, H,,,). — 'H NMR (300 MHz,
CDCl;, TMS) (E): 8 = 0.83 (t. J = 7.0 Hz, 3H, CH3), 1.20—1.95
(m, 8H. CH;CH,. CH,CH-CH,, NCH,CH,CH,, NCH,CH,CH>),
2.76 (m. 1H, NCHH), 3.00—3.53 (m, 5H, CH,0, NCHH, NCH,
CH;CH-CH-CHP), 3.27 (s, 3H, OCH3), 6.32(dd, J = 78 Hz, J =
3.5 Hz, lH, HC=N), 7.31=7.52 (m, 6 H, H, 010 pesra)> 7.69~7.84 (m,
4H. H,,.). — “C NMR (75 MHz, CDCl;, TMS) (Z): § = 13.92
(s, CHjy), 2120 (d, YJep= 12 Hz, CH;CH.), 22.67 (s,
NCH,>CH->CHa,), 26.57 (s, NCH,CH,CH,), 31.00 (s, CH;CH,CH,),
36.46 (d, 'Jep = 33 Hz. CH;CH,CH,CHP), 54.88 (s, NCH,), 58.97
(s. OCH;), 66.92 (s. NCH), 75.32 (s, CH,0), 126.13 (d, "Jep = 55
Hz. C;,.). 128.49. 129.08 (d. *Jep = 10 Hz, C,0), 131.25, 131.89
(d, *Jep = 2 Hz, C,u) 13279, 133.23 (d, 2Jcp = 9 Hz, Coupo)s
152,87 {s, C=N). — ""C NMR (75 MHz, CDCl;, TMS) (E): § =
13.66 (s, CHs), 21.15 (d, *Jop= 12 Hz, CH;CH,), 21.94 (s,
NCH-,CH-CH,), 26.75 (s, NCH,CH-CH,), 29.76 (d, 2Jcp = 3 Hz,
CH-;CH>CH,), 39.55 (d.m YJ¢ep = 34 Hz, CH;CH,CH,CHP), 49.51
(s, NCH»), 59.12 (s, OCHa,), 62.70 (s, NCH), 74.54 (s, CH,0),
128.30, 128.74 (d. *Jep = 10 Hz, C,,,,), 130.84, 131.15(d, *Jcp = 2
Hz. C,,..). 132.58 (s, C=N), 132.66, 133.17 (d, 2Jcp = 9 Hz, C,r).

The other analytical data corresponded with those of (S,R)-11e.

(+)-12852'Rj-1-[(2'-Boranatodiphenylphosphanyl)hex-1'-
vlideneamino J-2-methoxymethylpyrrolidine [(S,R)-1H]: a) 2.10 g (10
mmol) hydrazone (S)-9f was reacted with 3.05 g (13 mmol) CIPPh,

BH; according to GP 5, yielding 1.60 g (39%) of (S,R)-11e as a
colourless oil.

b) 2.10 g (10 mmol) hydrazone (S)-9f was reacted with 2.87 g
(13 mmol) CIPPh- and 1.3 ml (13 mmol) BH; - SMe, according to
GP 6, yielding 2.83 g (69%) of (S,R)-11e as a colourless oil. After
crystallization of the (Z)-contigured major diastereomer and pre-
parative HPLC of the mother liquor, 2.26 g (55%) of diastereomer-
ically pure (S, R)-11f was isolated. — m.p. (2) 89°C, [0 = +121.7
(¢ = 1, CHCL) (Z. de = 98%). — IR (neat): v 3078, 3057 (m,
C—H, .m0, 2956, 2928, 2871 (s, CH,, CH3), 2386 (s, B~H), 2350
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(sh), 1588 (C=N), 1484, 1461 (m), 1437 (s, P—PH), 1341, 1196 (m),
1107 (s, P—Ph), 1062, 739, 696 (s) cm™'. — 'H NMR (300 MHz,
CDCl;, TMS) (Z): § = 0.80 (t, >J = 7.0 Hz, 3H, CH3), 1.11-2.04
(m, 10H, CH;CH,, CH;CH,CH,, CH;CH,CH,CH,,
NCH,CH,CH,, NCH,CH,CH>), 2.70 (m, 1H, NCHH), 2.77, 2.97
(m, 1H, CH,0), 3.20 (m, 1H, NCHH), 3.28 (s, 3H, OCHs;), 3.37
(m, 1H, NCH), 3.99 (m, 1H, CH;CH,CH,CH,CHP), 6.78 (dd,
J= 9.6 Hz, J= 3.8 Hz, |H, HC=N), 7.35-7.57 (m, 6H,
H,ea para) 7.67—7.87 (m, 4H, H,.). — 'H NMR (300 MHz,
CDCl,;, TMS) (E): 8 = 0.81 (t, 3J = 7.1 Hz, 3H, CH3), 1.10—1.95
(m, 10H, CH;CH,, CH;CH,CH,, CH;CH,CH,CH,,
NCH,CH,CH,, NCH,CH,CH,), 2.47 (m, 1H, NCHH), 3.02 (m,
1H, CH,;CH,CH,CHP), 3.19-3.52 (m, 4H, CH,O, NCHH,
NCH), 3.34 (s, 3H, OCHs;), 6.37 (dd, J = 8.0 Hz, J = 3.6 Hz, 1 H,
HC=N), 7.32=7.52 (m, 6 H, H,.1s pura), 7.64—7.84 (m, 4H, H,,1,).
— 13C NMR (75 MHz, C¢Dg, TMS) (Z): § = 13.74 (s, CHy), 22.67
(s, CH;CH,), 23.26 (s, NCH,CH,CH,), 27.23 (s, NCH,CH,CH,),
28.42 (d, *Jep = 2 Hz, ChyCH,CH,CH,), 30.75 (d, 3Jcp = 10
Hz, CH,CH,CH,CH,CHP), 3676 (d, 'Jep= 32 Hz,
CH;CH,CH,CH,CHP), 55.52 (s, NCH,), 59.02 (s, OCH,),
60.85 (s, NCH), 75.84 (s, CH,0), 128.44, 128.85 (d, 3Jep =
10 Hz, C,,,.), 131.27, 131.46 (d, *Jop = 2 Hz, C,,.), 132.79,
133.13 (d, 2Jep = 9 Hz, Coupo), 148.07 (s, C=N). — '3C NMR
(75 MHz, C¢Dg, TMS) (E): 6 = 13.83 (s, CHy), 22.16, 22.21
(s, CH;CH,, NCH,CH,CH,), 26.27 (s, NCH,CH,CH,), 27.45
(d, *Jep= 2 Hz, CH3;CH,CH,CH,), 3023 (d, 3Jep = 12
Hz, CH;CH,CH,CH,CHP), 3998 (d, 'Jop= 35 Hz,
CH;CH,CH,CH,CHP), 50.15 (s, NCH,), 59.18 (s, OCH3), 63.56
(s, NCH), 74.48 (s, CH,0), 128.13, 128.79 (d, *Jcp = 10 Hz, C, 010,
130.87, 131.20 (d, YJep = 2 Hz, C,,,). 132.52 (s, C=N), 132.61,
133.20 (d, 2J¢p = 9 Hz, C,.p)- — *'P NMR (202 MHz, CDCl;,
H3POy4) (Z): 6 = 23.2 (s, br.). — MS (70 eV); m/z (%): 410 (35)
(M™), 409 (16), 366 (19), 365 (100) (M* — C,H;0), 296 (31) (M™
— NC¢H,0), 212 (27), 211 (100) (M — Ph,P - BH3), 185 (25)
(Ph,P™), 183 (24), 167 (14) (M* — Ph,P - BH; — C,H,0), 165 (9),
141 (11), 126 (15), 123 (15), 114 (23) (NC¢H,0"), 109 (10)
(PhPH™), 108 (12), 84 (18) (CsH(N™), 70 (61) (C4HgN™), 55 (30).
— CyH36BN,OP (410.34): caled. C 70.25, H 8.84, N 6.83; found
C 70.61, H 8.82, N 7.08.

(+)-(282'S)-1-[(2'-Boranatodiphenylphosphanyl)hex-1'-
viideneamino J-2-methoxymethylpyrrolidine [(S,S)-11f]: 340 mg (1
mmol) hydrazone (S)-10 was reacted with 276 mg (1.5 mmol) nBul
and 0.1 ml (1 mmol) BH; - SMe, according to GP 7, yielding
254 mg (62%) of hydrazone (S,S)-11f as a colourless oil. — [a]E
(E) = +96.3 (¢ = 1, CHCL). — 'H NMR (300 MHz, CDCls,
TMS) (E): 8 = 0.80(t, / = 7.1 Hz, 3H, CH3), 1.00—1.95 (m, I0H,
CH;CH,, CH;CH,CH,, CH;CH,CH,CH,, NCH,CH,CH,,
NCH,CH,CH>), 2.76 {m, 1H, NCHH), 2.99-3.52 (m, 5H,
CH,CH,CH,CH-CHP, CH,O, NCHH, NCH), 3.27 (s, 3H,
OCH,), 6.32 (dd, J = 8.0 Hz, J = 3.4 Hz, | H, HC=N), 7.30—7.52
(m, 6H, H,.rupwa), 7.68—7.82 (m, 4H, H,,;,). — "C NMR
(75 MHz, CDCl;, TMS): 6 = 13.82 (s, CH;), 21.94, 22.18
(s, CH;CH,, NCH,CH,CH,), 26.77 (s, NCH,CH,CH,), 27.35
(d, *Jep = 3 Hz, CH;CH,CH,CH,), 30.16 (d, *Jop = 12
Hz, CH,CH,CH,CH,CHP), 39.76 (d, “Jep = 35 Hz
CH;CH>CH,CH,CHP), 49.55 (s, NCH,), 59.13 (s, OCHs;), 62.70
(s, NCH), 74.54 (s, CH,0), 128.30, 128.74 (d, *Jcp = 10 Hz, C,p,0r0),
130.86, 131.13 (d, “Jcp = 2 Hz. C,,,), 132.59 (s, C=N), 132.70,
133.19 (d, *Jep = 9 Hz, C,10)- — Y'P NMR (202 MHz, CDCl;,
H;POy) (F): 6 = 19.7 (s, br.).

The other analytical data corresponded with those of (S,R)-11f.

(+)-(282'R)-1-[(2'-Boranatodiphenylphosphanyl) hept-1'-
ylideneamio J-2-methoxymethylpyrrolidine [(S,R)-11g]: a) 2.26 g (10
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mmol) hydrazone (S)-9g was reacted with 3.05 g (13 mmol) CIPPh,

BH; according to GP 5, yielding 1.74 g (41%) of (S,R)-11g as a
colourless oil.

b) 2.26 g (10 mmol) hydrazone (S)-9g was reacted with 2.87 g
(13 mmol) CIPPh, and 1.3 ml (13 mmol) BH; - SMe; according to
GP 6, yielding 2.96 g (70%) of (S,R)-11g as a colourless oil. After
crystallization of the (Z)-configured major diastereomer and pre-
parative HPLC of the mother liquor, 2.42 g (57%) of diastereomer-
ically pure (S,R)-11g was isolated. — m.p. (Z) 92°C, [a]f = +125.9
(¢ = 1, CHCly) (Z, de = 98%). — IR (KBr): ¥ 3078, 3057 (m,
C—H,,), 2955, 2928, 2870 (s, CH,, CHj3), 2386 (s, B—H), 2350
(sh), 1588 (C=N), 1483, 1460 (m), 1437 (s, P—Ph), 1340, 1196 (m),
1107 (s, P—Ph), 1062, 739, 696 (s) cm~'. — '"H NMR (300 MHz,
CDCl;, TMS) (Z): 8 = 0.80 (t, *J = 6.3 Hz, 3H, CHj), 1.15-2.05
(m, 12H, CH;CH,, CH;CH,CH,, CH;CH,CH,CH,,
CH,CH,CH,CH,CH,, NCH,CH,CH,, NCH,CH,CH>), 2.70 (m,
1H, NCHH), 2.77, 2.99 (m, 1H, CH,0), 3.19 (m, 1H, NCHH),
328 (s, 3H, OCH,), 3.37 (m, 1H, NCH), 400 (m, 1H,
CH;CH,CH,CH,CH,CHP), 6.79 (dd, J = 9.5Hz, J = 40 Hz, 1 H,
HC=N), 7.35=7.55 (m, 6 H, H,.00u para)> 7.67-7.85 (m, 4H, H,00).
— 'H NMR (300 MHz, CDCl;, TMS) (E): § = 0.82 (1, 3J = 6.7
Hz, 3H, CH,), 1.10-1.95 (m, 12H, CH;CH,, CH;CH,CH,,
CH;CH,CH,CH,, CH;CH,CH,CH,CH,, NCH,CH,CH,,
NCH,CH,CH,), 2.47 (m, 1H, NCHH), 3.02 (m, |H, CHP),
3.18-3.52 (m, 4H, CH,0, NCHH, NCH), 3.34 (s, 3H, OCH,),
6.36 (dd, J = 8.0 Hz, J= 3.6 Hz, |H, HC=N), 7.32—7.52 (m,
6H, H,era para)> 7-68—7.86 (m, 4H, H,,.1,,). — 3C NMR (75 MHz,
CDCl;, TMS) (Z2): 8 = 13.93 (s, CH3), 22.29 (s, CH,CH,), 23.25
(s, NCH,CH,CH,), 27.23 (s, NCH,CH,CH.), 28.28 (d, *Jcp = 10
Hz, CH,), 28.63 (d, 2Jcp = 2 Hz, CH,), 31.69 (s, CH;CH,CH,),
36.76 (d, YJep = 32 Hz, CHP), 55.52 (s, NCH,), 59.02 (s, OCH3),
66.85 (s, NCH), 75.84 (s, CH,0), 128.42, 128.84 (d, *Jcp = 10 Hz,
Chrera)s 131.27, 131.47 (d, *Jcp = 2 Hz, C,,,), 132.77, 133.10 (d,
2Jep = 9 Hz, C,..), 148.13 (s, C=N). — 3C NMR (75 MHz,
CDCl3, TMS) (£): 8 = 13.98 (s, CH3), 22.20, 22.41 (s, CH3CH,,
NCH,CH,CH,), 26.28 (s, NCH,CH,CHy,), 27.69, 31.24 (s, CH,),
27.78 (d, 3Jep = 9 Hz, CH>), 40.00 (d, 'Jep = 35 Hz, CHP), 50.15
(s, NCH,), 59.18 (s, OCHj;), 63.55 (s, NCH), 74.80 (s, CH,0),
128.13, 128.77 (d, 3Jep = 10 Hz, C,,...), 128.73 (d, 'Jep = 55 Hz,
Cipso), 130.86, 131.19 (d, *Jcp = 2 Hz, C,,,.), 132.47 (s, C=N),
132.62, 133.22 (d, 2Jep = 8 Hz, C,rpo). — *'P NMR (202 MHz,
CDCls, H3PO,) (Z): 8 = 23.0 (d, 'Jpg = 50 Hz). — MS (70 eV);
mlz (%): 424 (31) (M™), 423 (15), 380 (19), 379 (100) (M* —
C,H;0), 310 (32) M+ — NCxH,0), 226 (21), 225 (100) (M* —
Ph,P - BH3), 185 (23) (PH,P™), 183 (21), 181 (11) (M* — Ph,P -
BH; — C,H,0), 179 (6), 141 (8), 126 (12), 123 (12), 114 (18)
(NC¢H/,0™), 109 (8), 108 (8) (PhPH™), 84 (13) (CsH (N™), 70 (48)
(C4HgN™), 55 (21). — C,sH;33BN,OP (424.37): caled. C 70.76, H
9.03, N 6.60; found C 70.49, H 9.32, N 6.63.

(+)-(252'R)-1-[(2'-Boranatodiphenylphosphanyl)dec-1'-
yiideneamino J-2-methoxymethylpyrrolidine [(S,R)-11h]: a) 2.68 g (10
mmol) hydrazone (S)-9h was reacted with 3.05 g (13 mmol) CiPPh,

BH; according to GP 5, yielding 1.77 g (38%) of (S,R)-11h as a
colourless oil.

b) 2.68 g (10 mmol) hydrazone (S)-9h was rected with 2.87 g (13
mmol) CIPPh, and 1.3 ml (13 mmol) BH; - SMe, according to
GP 6, yielding 3.08 g (66%) of (S,R)-11h as a colourless oil. After
crystallization of the (Z)-configured major diastereomer, 2.01 g
(45%) of diastereomerically pure (S,R)-11h was isolated. — m.p.
(Z) 66°C, [0 = +110.8 (¢ = I, CHCly) (Z, de = 98%). — IR
(neat): ¥ 3078, 3058 (m, C—H,,,,. ), 2926, 2855 (s, CH,, CH;), 2385
(s, B—H), 2350 (sh), 1588 (C=N), 1482, 1462 (m), 1437 (s, P—Ph),
1196 (m), 1108 (s, P—Ph), 1062, 739, 696 (s) cm~'. — 'H NMR
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(300 MHz, CDCls, TMS) (Z): 8 = 0.86 (t, J = 6.9 Hz, 3H, CH,),
1.08—2.05 (m, 18H, CH,), 2.69 (m, 1 H, NCHH), 2.77, 2.9 (m,
1H, CH,0), 3.20 (m, 1 H, NCHH), 3.28 (s, 3H, OCH3), 3.37 (m,
1H, NCH), 4.00 (m, 1 H, CHP), 6.79 (dd, J = 9.6 Hz, J = 4.1 Hz,
1H, HC=N), 7.35-7.56 (m, 6H, H,perapare)> 7-68—7.86 (m, 4H,
Howno). — 'H NMR (300 MHz, CDCl,, TMS) (E): 3 = 0.86 (1,
3/ = 6.7 Hz, 3H, CH3), 1.14—1.92 (m, 18H, CH,), 2.47 (m, 1 H,
NCHH), 3.03 (m, 1 H, CHP), 3.19-3.51 (m, 4H, CH,O, NCHH,
NCH), 3.28 (s, 3H, OCHs), 6.35 (dd, J = 7.9 Hz, J = 3.5 Hz, 1H,
HC=N), 7.31-7.50 (m, 6 H, H,perapara)> 7.70—7.84 (m, 4H, Hppp0).
— 13C NMR (75 MHz, C¢Dg, TMS) (Z): § = 14.08 (s, CH3), 22.60
(s, CH,), 2325 (s, NCH,CH,CH,), 27.23 (s, NCH>CH,CH,),
28.55, 28.68, 29.12, 29.18, 29.54, 31.74 (CH,), 36.75 (d, 'Jep = 31
Hz, CHP), 55.53 (s, NCH,), 59.02 (s, OCH,), 66.85 (s, NCH), 75.84
(s, CH,0), 128.43, 128.84 (d, *Jcp = 10 Hz, Cprer), 131.26, 131.45
(d, %Jcp = 2 Hz, Cpu). 132.77, 13311 (d, 2Jcp = 9 Hz, Copup),
148.15 (s, C=N). — '3C NMR (75 MHz, CDCl;, TMS) (E): 8 =
14.85 (s, CH;), 22.20, 22.63 (s, CH,, NCH,CH,CH,), 26.32 (s,
NCH,CH,CH,), 27.72 (d, >Jep = 3 Hz, CH,), 28.08 (d, *Jep = 12
Hz, CH,), 29.04, 29.18, 29.30, 31.81 (CH,), 40.01 (d, 'Jep = 35
Hz, CHP), 50.12 (s, NCH,), 59.17 (s, OCH,), 63.54 (s, NCH), 74.52
(s, CH,0), 128.14, 128.77 (d, 3Jcp = 10 Hz, Cpra), 130.86, 131.18
(d, *Jcp = 2 Hz, C,), 13245 (s, C=N), 132.66, 133.23 (d, 2cp =
8 Hz, Cpip). — Y'P NMR (202 MHz, CDCls, H;PO,) (Z): 6 =
23.1 (s, br.). — MS (70 eV); mlz (%): 466 (51) (M), 465 (21), 422
(28), 421 (94) (M* — C,H;0), 352 (29) (M* — NC4H,,0), 267
(100) (M* — Ph,P - BH3), 226 (8), 223 (15) (M* — Ph,P - BH; —
C,H,0), 185 (36) (Ph,P+), 183 (31), 154 (10), 141 (18), 126 (23),
123 (17), 114 (32) (NC4H,,07). 109 (13), 108 (18) (PhPH™), 84 (28)
(CsH,oN™), 70 (94) (C4HgN"), 55 (38). — CagHasBN,OP (466.45):
caled. C 72.10, H 9.51, N 6.01; found C 71.70, H 9.83, N 6.50.

(S)-1-(tert-Butyldimethylsilyloxy )-2-( methylsulfonyl) propane [(S)-
15]: To a solution of 2.28 g (30 mmol) (S)-1,2-propanol in 30 ml
DMF were added 4.08 g (60 mmol) imidazole and 4.76 g (31.5
mmol) tert-butyldimethylsilyl chloride at 0°C. After stirring for 20
h at room temperature the reaction mixture was quenched with
NH,4CI solution, extracted with ether, dried (MgSO,4) and concen-
trated in vaco. To a solution of the product in 30 mi CH,Cl, were
added 3.75 g (33 mmol) mesyl chloride and 6.06 g (60 mmol) tri-
ethylamine at 0°C. After warming to room temperature overnight,
the reation mixture was quenched with NH4CI solution, extracted
with ether, dried (MgSQOy) and concentrated in vacuo. Upon col-
umn chromatography (SiO,, ether/n-pentane, 1:10) 4.66 g (58%) of
(8)-15 was isolated as a colourless liquid. — [0]F = +5.2 (c = 1.1,
CHCI;). — IR (neat): ¥ 3027 (m, C—H,,,,.. ), 2955, 2932, 2886, 2858
(s, CH3), 1473, 1464 (m), 1358, 1256, 1179, 1109 (s), 839, 780 cm ™.
— '"H NMR (300 MHz, CDCl;, TMS): § = 0.08, 0.09 (s, 3H,
SiCH3), 091 (s, 9H, rBu), 1.37 (d, J = 6.3 Hz, 3H, H;CCHOS),
3.03 (s, 3H, H;CS), 3.68 (m, 2H, CH,0), 474 (m, 1H,
CH;CHOS). — 3C NMR (75 MHz, C,D¢, TMS): § = —5.49,
—5.42 (SiCH;), 17.62 (H;CCHOS), 25.84 (:Bu), 38.35 (H;CS),
66.00 (H,COSi), 80.48 (H;CCHOS). — MS (70 eV); m/z (%): 155
(8), 153 (100) (M™ — rBuMe,Si), 89 (9), 75 (22), 73 (18), 59 (10),
41 (10). — CoH,404S8Si (268.35): caled. C 44.74, H 9.01; found C
44.75, H 9.20.

(R)-2-Boranatodiphenylphosphanyl-1-(tert-butyldimethyl-
silyloxy ) propane [(R)-16]: To a solution of 268 mg (1 mmol) mesyl-
ated diol (S)-15 in 5 ml THF, was added 1.5 mmol KPPh, in THF
(0.5 mmol/ml) at 0°C. After stirring at room temperature for 1 h,
0.2 ml (2 mmol) BH; - SMe, was added at 0°C. After 10 min., the
reaction mixture was quenched with NH,Cl solution, extracted
with ether, dried (MgS0O,) and concentrated in vacuo. Upon col-
umn chromatography (SiO,, ether/n-pentane, 1:10), 290 mg (79%)
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of (R)-16 was isolated as colourless crystals. — m.p. 69°C, o] =
—1.7 (¢ = 1.0, CHCl;). — IR (neat): v 3060 (m, C—H,,,,,), 2952,
2928, 2879, 2856 (s, CH;, CH,), 1485, 1470 (m), 1438 (s, P—Ph),
1389 (m). 1107 (s), 1093, 1071 (s), 1014 (m), 837, 784, 742, 693 (s).
— 'H NMR (300 MHz, CDCl;, TMS): § = 0.04, 0.07 (s, 3H,
SiCH3), 0.81 (s, 9H, (Bu), 1.16 (dd, 3Jyp = 16.1 Hz, J = 7.0 Hz,
3H, CH,CHP), 2.80 (m, |H, CH;CHP), 3.69-3.88 (m, 2H,
CH>0), 7.44-7.57 (m, 6 H, H,,,010 piwr)> 7.75—7.91 (m, 4H, H,,,).
— BC NMR (75 MHz, CcDg, TMS): 8 = —5.51 (SiCH3), 11.99
(CH;CHP), 25.81 (¢Bu), 31.98 (d, "Jep = 35 Hz, CHP), 63.81 (d,
2Jep = 9 Hz, CH,081), 128.60 (d, Jep = 54 Hz, Cypy,), 128.69 (d,
Jep = 10 Hz, C,.0). 131,06, 131.09 (d, *Jep = 2 Hz, C,u0)s
132.53, 132.59 (d, *Jep = 9 Hz, C,rp)- — MS (70 eV); m/z (%):
372 (M™), 359 (16). 315 (44) (M™ — (Bu), 301 (15) M™* ~ Bu —
BHa), 256 (14), 255 (89), 254 (21), 187 (19), 186 (100) (Ph,P*), 185
(56), 173 (17), 151 (11), 150 (33), 135 (25), 117 (17), 115 (12), 109
(37), 108 (50) (PhP™), 107 (19), 89 (11), 87 (15), 75 (23), 73 (73),
71 (12), 59 (34), 57 (24), 55 (13), 43 (16), 41 (21). — C,;H34BOPSi
(372.37): caled. C 67.74, H 9.20; found C 67.70, H 9.31.

( = )-( R}-2-Boranatodiisopropylphosphanyl-1-propanol [(R)-12a]:
300 mg (1 mmol) hydrazone (S,R)-11a was ozonolysed and reduced
according to GP 9. For the separation of the SMP-nitrosamine, the
crude product was reacted with 468 mg (2 mmol) (S)-MTPA-Cl
and 360 mg (3 mmol) DMAP. After flash chromatography (SiO,,
ether/n-pentane, 1:10). the MTPA-ester was dissolved in 5 ml
MeOH and treated with 276 mg (2 mmol) K,CO;, yielding after
chromatography (SiOs, ether/n-pentane, 1:2) 137 mg (72%) of (R)-
12a as a colourless oil. — [a]fy = —2.7 (¢ = 1.0, CHCl3). — IR
(neat): v 3456 (s, br., OH), 2965, 2937, 2877 (s, CH,, CH;), 2373
(s, B—H), 1257, 1142 (m), 1068 (s, C—0), 1024 (s), 885, 756 (m),
691 (s), 651 (m)cm~'. — '"H NMR (300 MHz, CDCl;, TMS): § =
ca. 0.4 (q, br., J =90 Hz, 3H, BH;), 1.17-1.31 [m, 15H, CH;CHP,
PCH(CH-),], 2.04-2.26 [m, 3H, CH,CHP, PCH(CHs),], 3.75
(ddd, J = 13.6 Hz, J = 13.0 Hz, J = 5.1 Hz, CHHOH), 3.90 (ddd,
J =140 Hz, J = 13.6 Hz, J = 5.9 Hz, CHHOH). — *C NMR
(75 MHz. CDCl;, TMS): 8 = 12.89 (d, ?Jcp = 4 Hz, CH3), 17.36,
17.54 [d. 2J¢p = 3 Hz, (CH3),CHP], 20.35, 21.82 [d, 'Jcp = 32 Hz,
(CH,)>,CHP], 29.00 (d, 'Jop = 28 Hz, CH;CHP), 64.78 (d, 2Jcp =
2 Hz, CH,). — MS (70 eV); m/z (%): 190 (2) (M™), 189 (4) (M* —
H), 177 (12), 176 (100) (M* — BHi). 146 (8), 145 (20)
(iPr.PCHCH3), 134 (20) (iPr.POH™), 119 (9), 118 (68) (iPr,P™),
117 (10), 104 (14), 92 (25), 89 (9), 76 (26), 75 (22), 74 (13), 69 (9),
61 (11). — CyH,4BOP (190.07): caled. C 56.87, H 12.73; found C
57.01, H 12.39.

( — )-{ R)-2-Boranatodiphenylphosphanyl-1-propanol [(R)-12b]: a)
368 mg (1 mmol) hydrazone (S,R)-11b was ozonolyzed and reduced
according to GP 9. For the separation of the SMP-nitrosamine, the
crude product was reacted with 468 mg (2 mmol) (S)-MTPA-Cl
and 360 mg (3 mmol) DMAP. After flash chromatography (SiO,,
cther/n-pentane, 1:10), the MTPA ester was dissolved in 5 ml
MeOH and treated with 276 mg (2 mmol) K,CO,, yielding after
chromatography (SiO-, ether/n-pentane, 1:3) 188 mg (73%) of (R)-
12b as colourless crystals. — [0 = —34.4 (¢ = 1.0, CHCly).

b) 424 mg (I mmol) hydrazone (S,R)-11c was ozonolysed and
reduced according to GP 9, yielding 175 mg (68%) of (R)-12b as
colourless crystals. — [0]E = —31.2 (¢ = 1.0, CHCl;).

¢) To a solution of 186 mg (0.5 mmol) (R)-1-(zert-butyldimethyl-
silyl)-2-boranatodiphenylphosphanylpropane (R)-16 in 1 ml THE,
was added 1.5 ml (1.5 mmol) tetrabutylammonium fluoride solu-
tion at room temperature and the mixture was stirred for 1 h (TLC-
control). It was then quenched with aq. NH,4Cl at 0°C, extracted
with ether, dried (MgSQ,), filtered and evaporated, yielding 106 mg
(82%) of (R)-12b after chromatography as colourless crystals. —

360

m.p. 67-68°C, [o]¥ = —33.8 (¢ = 1.0, CHCl3). — IR (KBr): ¥
3512 (s, OH), 3435 (s, br., OH), 3083, 3058, 3033 (m, C—H,om),
2971, 2955, 2932, 2917, 2886 (s, CHa,, CH;), 2382 (s, B—H), 2343
(sh), 2113, 1971, 1902, 1890, 1828, 1779, 1763, 1664, 1589, 1575
(m), 1482 (m), 1437 (s, P—Ph), 1396, 1379, 1317 (s), 1279, 1253,
1206, 1186, 1120 (s), 1040 (s, C—0), 960, 740, 690 (s) cm~'. — 'H
NMR (300 MHz, CDCls, TMS): & = ca. 1.0 (g, br., J = 90 Hz,
3H, BHy), 1.18 (dd, 3Jyp = 15.6 Hz, 3J = 7.1 Hz, 3H, CH,), 2.01
(s, br., 1H, OH), 2.84 (m, 1H, CH;CHP), 3.78 (m, 2H, CH,),
7.40~7.52 (m, 6H, Hyerapara)» 7.69—7.82 (m, 4h, H,,py,). — 1°C
NMR (75 MHz, CcDy, TMS): & = 11.92 (d, 2Jcp = 1 Hz, CH,),
31.74 (d, YJep = 35 Hz, CH;CHP), 63.55 (d, 2Jcp = 6 Hz, CH,),
128.11 (d, Yep = 55 Hz, Cy,,), 128.83, 128.93 (d, *Jep = 10 Hz,
Coera)s 13137 (d, Ycp = 2 Hz, C,pp), 13240, 132.69 (d, 2cp = 9
Hz, C,u0). — >'P NMR (202 MHz, CDCl,, H:PO,): § = 18.9 (q,
Wpg = 67 Hz). — MS (70 eV); mlz (%): 258 (1) (M*), 257 (7) (M*
— H), 244 (100) (M* — BH,), 213 (11) (Ph,P—C,H{), 202 (27),
186 (34) (Ph,PH™), 185 (24) (Ph,P*), 183 (53), 155 (10), 152 (7)
(Ph,PCHCH,OH"), 136 (5) (PhPCHCHY), 109 (27), 108 (49)
(PhP*), 89 (6). — C,sH,oBOP (258.11): caled. C 69.80, H 7.81;
found C 69.80, H 8.02.

(= )-( RJ-2-Boranatodiphenylphosphanyl-1-butanol [(R)-12¢]: 382
mg (1 mmol) hydrazone (S,R)-11d was ozonolyzed and reduced
according to GP 9, yielding 182 mg (67%) of (R)-12¢ as a colourless
oil. — [a]F = —29.4 (¢ = 1, CHCI3). — IR (CHCl): ¥ 3513 (s, br,,
OH), 3078, 3058, 3006 (m, C—H,,,,.), 2965, 2933, 2877 (s, CH,,
CHj), 2384 (s, B—H), 2350 (sh), 1484, 1461 (m, C-C,,,,,), 1437
(s, P=Ph), 1333, 1312 (m), 1106 (s, P—Ph), 1065 (s, C—0), 1046,
1030 (s), 740, 697 (s) em~'. — 'H NMR (300 MHz, CDCl;, TMS):
8 =1.00(,J=74Hz 3H, CH;), ca. 1.1 (q, br.,, J = 90 Hz, 3H,
BH;), 1.46 (m, 1 H, CH;CHH), 1.71 (m, 1H, CH;CHH), 2.16 (s,
br., 1H, OH), 2.55 (m, 1H, CH,CH,CHP), 3.84 (m, | H, CHHO),
3.93 (ddd, /= 11.5 Hz, J = 11.5 Hz, J = 5.1 Hz, 1H, CHHO),
7.43=7.54 (m, 6H, H,orapara)s 7.69—7.82 (m, 4H, H,,,,,). ~ *C
NMR (75 MHz, CDCl;, TMS): § = 12.71 (d, 3Jcp = 11 Hz, CHs),
19.08 (d, 2Jep = 2 Hz, CH;CH,), 38.40 (d, Jep= 35 Hz,
CH;CHP), 59.88 (d, 2Jcp = 3 Hz, CH,), 127.87 (d, Jcp = 55 Hz,
Cipso)s 128.83, 128.96 (d, 3Jcp = 10 Hz, C,,0), 13139 (d, *Jcp = 2
Hz, C,pe), 132,40, 132.72 (d, *Jcp = 9 Hz, C,y). — *'P NMR
(202 MHz, CDCls, H3PO,): 8 = 18.5 (1, 'Jpg = 67 Hz). — MS (70
eV); mlz (%): 272 (2) (M™), 271 (9) (M™ — H), 259 (20), 258 (100)
(M* — BHy), 213 (11) (Ph,P—C,HY), 202 (14), 186 (33) (Ph,PH™),
185 (23) (Ph,P™), 183 (24), 154 (7), 136 (6), 109 (22) (PhPH™), 108
(55) (PhP™), 107 (15), 89 (8), 55 (10), 51 (6). — CicH,BOP (M™
— H): caled. 271.1423; found 271.1426 (MS).

(= )-( R)-2-Boranatodiphenylphosphanyl-1-pentanol ~ [(R)-12d]:
396 mg (1 mmol) hydrazone (S,R)-11e was ozonolysed and reduced
according to GP 9, yielding 215 mg (75%) of (R)-12d as a colour-
less oil. — [0 = —45.0 (¢ = 1, CHCl3). — IR (neat): ¥ 3514 (s,
br.,, OH), 3078, 3058, 3006 (m, C—H,,,,.), 2959, 2932, 2872 (s,
CH,, CH;), 2383 (s, B—H), 2350 (sh), 1483, 1464 (m, C—-C, 1)
1437 (s, P—Ph), 1382, 1336, 1314 (m), 1106 (s, P—Ph), 1064 (s,
C—0), 1039, 1030 (s), 740, 696 (s) cm ™', — 'H NMR (300 MHz,
CDCl;, TMS): 8 = 0.85 (t, J = 7.4 Hz, 3H, CH3), 1.29 (m, 2H,
CH;CH>), 1.57, 1.73 (m, 1 H, CH,CH,CH,), 2.14 (s, br., | H, OH),
2.64 (m, 1 H, CH;CHP), 3.84 (m, 2H, CH;0), 7.41—7.54 (m, 6H,
H,erapara)» 7.70~7.83 (m, 4H, H,.,). — “C NMR (75 MHz,
CDCl;, TMS): 8 = 13.89 (s, CH5), 21.11 (d, 3Jep = 10 Hg,
CH;CHa,), 27.77 (s, CH;CH,CH,), 36.51 (d, 'J¢p = 34 Hz, CHP),
60.35 (d, *Jop = 3 Hz, CH,), 127.87 (d, 'Jep = 56 Hz, C,,),
128.83, 128.96 (d, *Jep = 9 Hz, C,.0i), 131.38 (d, *Jep = 2 Hz,
Cpara)» 13241, 13274 (d, *Jcp = 9 Hz, C,pp). — *'P NMR (202
MHz, CDCls, H3POy): 6 = 18.6 (q, 'Jpp = 64 Hz). — MS (70 eV);
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miz (%): 286 (3) (M™), 285 (10) (M* — H), 273 (20), 272 (100)
(M* — BHj), 230 (37) (Ph,P—C,H,OH"), 214 (11), 212 (46)
(Ph,P—C,HY), 202 (6), 187 (10), 186 (54) (Ph,PH™), 185 (20)
(PhoP™), 183 (42), 154 (7), 152 (10), 136 (6), 110 (8), 109 (24), 108
(65) (PhP*), 107 (29), 89 (8), 55 (6), 51 (6). — C;;H,4BOP (286.16):
caled. C 71.35, H 8.45; found C 71.36, H 8.79.

(+)-(S)-2-Boranatodiphenylphosphanyl-1-pentanol [(S)-12d]: a)
396 mg (1 mmol) hydrazone (R,S)-11e was ozonolysed and reduced
according to GP 9, yielding 206 mg (72%) of (S)-12d as a colourless
oil. — [e]F = +46.1 (¢ = 1, CHCL,).

b) 396 mg (1 mmol) hydrazone (S,S)-11e was ozonolysed and
reduced according to GP 9, yielding 197 mg (69%) of (S)-12d as a
colourless oil. — [a]& = +46.5 (¢ = 1, CHCl,). The other analyti-
cal data corresponded with those of (R)-12d.

(= )-( R)-2-Boranatodiphenylphosphany!-1-hexanol [( R)-12¢]: 410
mg (1 mmol) hydrazone (S,R)-11f was ozonolysed and reduced ac-
cording to GP 9, yielding 231 mg (77%) of (R)-12e as a colourless
oil. — [o] = —46.7 (¢ = 1, CHCI3). — IR (CHCls): v 3513 (s, br.,
OH), 3078, 3058, 3007 (m, C—H,,,..), 2957, 2932, 2871 (s, CHa,
CHs), 2384 (s, B—H), 2350 (sh), 1483, 1466 (m, C-C,,,.), 1437
(s, P—Ph), 1380, 1335, 1313 (m), 1107 (s, P—Ph), 1064 (s, C-0),
1030 (s), 757, 741, 696 (s) cm~'. — '"H NMR (300 MHz, CDCl;,
TMS): & = 0.81 (t, 3J = 7.4 Hz, 3H, CH3), 1.29—-1.82 (m, 6H, 3
CH,), 2.15 (s, br., 1 H, OH), 2.62 (m, 1H, CH,CHP), 3.82 (m, 1 H,
CHHO), 391 (ddd, /= 12.3 Hz, /= 12.1 Hz, /= 5.2 Hz, 1H,
CHHO), 7.41=7.54 (m, 6 H, H,er para)s 7.70—=7.83 (m, 4 H, H,pp0).
— BC NMR (75 MHz, CDCls, TMS): § = 13.83 (s, CH3), 22.50
(s, CH;CH,), 25.33 (d, *Jep = 2 Hz, CH,), 30.12 (d, 3Jcp = 10 Hz,
CH.,), 36.71 (d, 'Jcp = 34 Hz, CHP), 60.30 (d, 2Jcp = 3 Hz, CH,),
127.87 (d, "Jep = 54 Hz, C,,.,), 128.82, 128.95 (d, *Jcp = 10 Hz,
Coera)s 13136, 131.40 (d, YJcp = 3 Hz, C,.), 132.39, 132.73 (d,
2Jep = 9 Hz, Coupo). — 3P NMR (202 MHz, CDCl,, H3PO,): 8 =
18.6 (q, Wpg = 66 Hz). — MS (70 eV); m/z (%): 300 (3) (M),
299 (10) (M* — H), 287 (21), 286 (100) (M* — BHj3), 230 (27)
(Ph,P-C,H,OH"), 214 (11), 213 (46) (Ph,P-C>-
HZ), 187 (21), 186 (88) (Ph,PH™), 185 (27) (Ph,P™"), 183 (42), 152
(7), 110 (8), 109 (21), 108 (39) (PhP™), 107 (17), 89 (5), 55 (16), 43
(11), 41 (17). — C;gH3sBOP (M* — H): caled. 299.1736; found
299.1734 (MS).

(— )-( R)-2-Boranatodiphenylphosphanyl-1-heptanol ~ [(R)-12f):
424 mg (1 mmol) hydrazone (S,R)-11g was ozonolysed and reduced
according to GP 9, yielding 236 mg (75%) of (R)-12f as a colourless
oil. — [o] = —41.7 (¢ = 1, CHCl;). — IR (CHCl): v 3507 (s, br.,
OH), 3079, 3060, 3008 (m, C—H,,,,.), 2956, 2930, 2860 (s, CH-,
CHj3), 2384 (s, B—H), 2350 (sh), 1484 (m, C—-C,,,.), 1438 (s,
P—Ph), 1107 (s, P—Ph), 1064 (s, C—0), 1030 (m), 757, 696 (s)
ecm™!. — TH NMR (300 MHz, CDCl;, TMS): § = 0.82 (1, */ = 7.4
Hz, 3H, CH3), 1.10—1.80 (m, 8H, 4 CH,), 2.22 (s, br., 1 H, OH),
2.63 (m, 1 H, CH;CHP), 3.80 (m, 1 H, CHHO), 3.91 (ddd, J = 12.3
Hz, J = 12.1 Hz, J = 5.2 Hz, 1|H, CHHO), 7.41-7.54 (m, 6H,
H,erpara)s 7.70—7.83 (m, 4H, H,,). — *C NMR (75 MHz,
CDCl;, TMS): 8 = 13.93 (s, CHy), 22.37 (s, CH3;CH,), 25.66 (d,
2Jep = 2 Hz, CH»), 27.64 (d, *Jep = 10 Hz, CH,), 31.53 (s, CH,),
36.74 (d, 'Jep = 33 Hz, CHP), 60.41 (d, *Jp = 3 Hz, CH), 127.88
(d, Jep = 56 Hz, C;y,), 128.79, 128.93 (d, 3Jcp = 10 Hz, C,era)s
131.34, 131.37 (d, ¥Jcp = 3 Hz, C,n), 13239, 132.71 (d, 2ep = 9
Hz, C,.0). — *'P NMR (202 MBz, CDCls, H3PO,): § = 18.6 (q,
1Jpg = 68 Hz). — MS (70 eV); m/z (%): 314 (3) (M™), 313 (8)
(M* — H), 301 (15), 300 (67) (M™ — BHj;), 243 (11), 230 (18)
(Ph,P—C,H,OH™), 214 (7), 213 (30) (Ph,P—-C,HY), 187 (22), 186
(100) (PH,PH™), 185 (21) (Ph,P™), 183 (24), 152 (5), 110 (6), 109
(20), 108 (54) (PhP™), 107 (18), 91 (7), 55 (13), 43 (7), 41 (13).
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— CoHogOBP (314.21): caled. C 72.63, H 8.98; found C 72.80,
H 8.82.

( — )-( R)-2-Boranatodiphenylphosphanyl-1-decanol [(R)-12g]: 466
mg (1 mmol) hydrazone (S,R)-11h was ozonolysed and reduced
according to GP 9, yielding 295 mg (83%) of (R)-12b as a colour-
less oil. — [o) = —37.1 (¢ = 1, CHCl;). — IR (neat): [o]& = 3512
(s, br., OH), 3078, 3059, 3007 (m, C—H,,,,.), 2953, 2926, 2855 (s,
CH,, CHjy), 2384 (s, B—H), 2350 (sh), 1483, 1465 (m, C—C, ),
1437 (s, P—Ph), 1206 (m), 1107 (s, P—Ph), 1064 (s, C—0), 1029
(m), 758, 695 (s} cm~!. — '"H NMR (300 MHz, CDCl;, TMS): § =
0.86 (t, 3J = 7.4 Hz, 3H, CH;), 1.10—1.80 (m, 14H, 4 CH,), 2.15
(s, br., [H, OH), 2.62 (m, 1 H, CH;CHP), 3.83 (m, 1H, CHHO),
391 (ddd, J = 12.5 Hz, /= 12.3 Hz, J = 5.3 Hz, 1 H, CHHO),
7.41-7.54 (m, 6H, Hpperpara)s 7-70~7.83 (m. 4H, H,p0). — °C
NMR (75 MHz, CDCl;, TMS): 8 = 14.09 (s, CHj3), 22.63, 29.16,
29.30, 29.35, 31.80 (s, CH,), 25.62 (d, 2/cp = | Hz, CH,), 27.95 (d,
3Jcp = 10 Hz, CH,), 36.75 (d, "Jep = 34 Hz, CHP), 60.38 (d,
2Jep = 3 Hz, CH,), 127.86 (d, 'Jep = 55 Hz, C,,,,), 128.82, 128.95
(d, ¥Jep = 10 Hz, C,.), 131.36, 131.39 (d, *Jcp = 3 Hz, C,,.),
132.40, 132.70 (d, 2Jcp = 9 Hz, C,r0). — *'P NMR (202 MHz,
CDCl;, HsPOy): 6 = 18.6 (q, 'Jpg = 70 Hz). — MS (70 eV); m/z
(%): 356 (3) (M™), 355 (7) (M* — H), 343 (13), 342 (52) M*
— BH;), 243 (8), 230 (14) (Ph,P—C,H,OH™), 214 (5), 213 (20)
(Ph,P—C,H7), 187 (19), 186 (100) (Ph,PH™), 185 (18) (Ph,P™),
183 (23), 109 (11), 108 (34) (PhP™), 107 (8), 55 (7), 43 (6), 41 (7).
— CyH;34BOP (356.29): caled. C 74.16, H 9.62; found C 73.85,
H 9.93.

(= )-( R)-2-Diphenylphosphanyl-1-propanol [(R)-13b]: 129 mg
(0.5 mmol) borane-protected alcohol (R)-12b was reacted with 280
mg (2.5 mmol) DABCO according to GP 10, yielding 104 mg (85%)
of (R)-13b as a colourless oil. — [a]Z = —7.9 (¢ = 2.2, CH,Cl).
~ IR (CHCls): ¥ 3350 (s, br., OH), 3065, 3045 (m, C—H,,,,,,.), 2950,
2920, 2860 (s, CH,, CH3), 1570 (m), 1475 (s), 1430 (s, P—Ph), 1175
(m), 1090 (s), 1028 (s, br., C—0), 740, 693 (s) cm~'. — 'H NMR
(300 MHz, CDCl;, TMS): 3 = 1.10 8dd, 3Jyp = 13.7 Hz, 3J = 6.9
Hz, 3H, CH,), 2.12 (s, br., 1 H, OH), 2.58 (m, 1 H, CH;CHP), 3.53
(dm, J = 11 Hz, 1H, CHH), 3.71 (ddd, J = 11 Hz, J = 8.5 Hz,
J= 45 Hz, 1H, CHH), 7.32 (m, 6H, H,,.\, pwra)» 749 (m, 4H,
H,.i0). — *C NMR (75 MHz, CDCls, TMS): 8 = 14.21 (d, *Jep =
15 Hz, CH3), 33.84 (d, 'Jep = 11 Hz, CH3CHP), 65.55 (d, 2Jcp =
23 Hz, CH,), 128.40, 128.49 (d, 3Jcp = 7 Hz, C,era), 128.89 (d,
ep = 6 Hz, C,,,), 13333, 133.83 (d, 2Jep = 20 Hz, C, ),
135.96, 136.58 (d, 'Jcp = 13 Hz, C,,,). — *'P NMR (202 MHz,
CDCl;, H3POy): 6 = —9.9 (s). — MS (70 eV); m/z (%): 244 (100)
(M™), 230 (5) (MY — CH,), 213 (19) (Ph,PC,HY), 202 (33)
(Ph,POH™), 201 (10), 186 (39) (Ph,PH*), 185 (19) (Ph,P*), 183
(39), 155 (13), 152 (5 (Ph,PCHCH,OH™"), 133 (6)
(PhPCHCHY), 125 (7), 109 (50), 108 (67) (PhP™), 91 (8), 77 (8),
65 (6), 51 (7), 43 (20), 41 (6). — C;5H;OP: caled. 244.1017; found
2441015 (MS).

(+ )-( R)-2-Diphenylphosphanyl-1-butanol [(R)-13c]: 136 mg (0.5
mmol) borane-protected alcohol (R)-12¢ was reacted with 280 mg
(2.5 mmol) DABCO according to GP 10, yielding 110 mg (85%)
of (R)-13c¢ as a colourless oil. — [o}F# = +4.0 (¢ = 2.0, CH,Cl,).
— IR (CHCly): ¥ 3392 (s, br., OH), 3072, 3055, 3012 (m, C—H 1, ).
2963, 2930, 2875 (s, CH,, CHy), 1480 (m), 1461 (m), 1434 (s,
P—Ph), 1217, 1093, 1027 (s, br., C—0), 749, 698 (s) cm~!. — 'H
NMR (300 MHz, CDCl;, TMS): 6 = 1.02 (t, 3/ = 7.3 Hz, 3H,
CHs), 1.54 (m, 2H, CH;CH,), 2.39 (s, br., 1 H, OH), 2.39 (m, 1 H,
CH;CH,CHP), 3.63 (ddd, J= 11.6 Hz, J = 8.5 Hz, J = 5.5 Hz,
1H, CHHO), 3.77 (ddd, J= 11.6 Hz, J = 11.5 Hz, J = 4.6 Hz,
1H, CHHO), 7.28—7.36 (m, 6 H, H,.q para). 7.45—7.55 (m, 4H,
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H,pi). — *C NMR (75 MHz. CDCly, TMS): & = 12.21 (d, 3Jcp =
10 Hz, CHy), 21.18 (d. 2Jcp = 16 Hz, CH,CH,), 40.70 (d, 'Jep =
12 Hz, CHyCHP). 62.14 (d, *Jep = 16 Hz, CH,), 128.40, 128.49
(d, Yep = 4 Hz, Cpup)y 12887 (d, Ycp = 7 Hz, Cpy), 133.56,
133.60 (d, 2Jcp = 20 Hz, C,pipo), 136.12, 136.51 (d, Yep = 13 Hz.
Cipo)- = 'P NMR (202 MHz, CDCly, H;PO,): 8 = —13.2 (5). —
MS (70 V) miz (%): 259 (15), 258 (98) (M), 230 (8) (M* —
C.Hy), 213 (41) (PhoP—C,HZ), 202 (29), 201 (10), 186 (57)
(Ph,PH™), 185 (26) (Ph,P*), 183 (65), 155 (13), 154 (12), 133 (9),
125 (9), 109 (32) (PhPH*), 108 (100) (PhP*), 107 (32), 91 (9), 77
(9), 55 (6). 47 (12). — C,,H,4OP: caled. 258.1174; found 258.1170
(MS).

(= )-( R)-2-Diphenylphosphanyl-1-pentanol [(R)-13d]: 143 mg
(0.5 mmol) borane-protected alcoho! (R)-12d was reacted with 280
mg (2.5 mmol) DABCO according to GP 10, yielding 124 mg (91%)
of (R)-13d as a colourless oil. — [0} = —9.2 (¢ = 2.0, CH,Cl,).
~ IR (CHCl5): ¥ 3385 (s, br., OH), 3071, 3054, 3002 (m, C—H,,,,,.),
2957, 2930, 2870 (s, CH,, CH,3), 1480, 1465 (m), 1434 (s, P—Ph),
1217 (m). 1093 (m, P—Ph), 1028 (s, br., C—0), 698 (s) cm~ ', — 'H
NMR (300 MHz, CDCl,, TMS): 8 = 0.85 (t, /= 7.0 Hz, 3H,
CH3), 1.30-1.60 (m, 4H, CH,), 1.96 (s, br,, 1H, OH), 2.46 (m,
IH, CH,CHP), 3.58 (ddd, |H, J = 11.5Hz, J= 8.7 Hz, /= 5.8
Hz, CHHO), 3.74 (ddd, 1H, J= 11,5 Hz, J= 11.5 Hz, J = 44
Hz, CHHO), 7.26-7.35 (m, 6 H, H,prupura) 7.46—7.55 (m, 4H,
H,.). = C NMR (75 MHz, CDCl;, TMS): § = 14.21 (s, CH;),
20.86 (d. Yep = 10 Hz, CHyCHs), 30.52 (d, 2Jcp = 15 Hz, CH,),
38.83 (d, Jep = 12 Hz, CHP), 62.60 (d, 2Jep = 15 Hz, CH,),
128.37, 128.42 (d, YJep = 7 Hz, C,p), 128.80 (d, “Jep = 6 Hz,
Cpon) 133.53, 133,57 (d, 2ep = 19 Hz, C, ), 136.14, 136.51 (d,
Uep = 13 Hz. Cy,). — Y'P NMR (202 MHz, CDCly, HyPO,): § =
—12.3. = MS (70 eV); m/z (%): 273 (12), 272 (65) (M ™), 230 (41)
(M* — C3Hg). 229 (13), 213 (100) (Ph,P—C,H), 202 (10), 201 (6),
186 (48) (Ph,PH™), 185 (17) (PhoP™), 183 (56), 155 (5), 152 (7),
133 (6), 125 (6). 109 (20) (PhPH™), 108 (71) (PhP*), 107 (25), 91
(7), 77 (5), 47 (7). 41 (12). — C7H,;0OP: caled. 272.1330; found
272.1327 (MS).

(+)-(S)-2-Diphenylphosphanyl-1-pentanol  [(S)-13d)]: 143 mg
(0.5 mmol) borane-protected alcohol (S)-12d was reacted with 280
mg (2.5 mmol) DABCO according to GP 10, yielding 125 mg (92%%)
of (5)-13d as a colourless oil. — [0 = +9.4 (¢ = 2.2, CH.Cly).

The other analytical data corresponded with those of (R)-13d.

{ = J-( R)-2-Diphenylphosphanyl-1-hexanol [( R)-13¢]: 150 mg (0.5
mmol) borane-protected alcohol (R)-12e was reacted with 280 mg
(2.5 mmol) DABCO according to GP [0, yielding 130 mg (91%)
of (R)-13e as a colourless oil. — [a]ff = —14.3 (¢ = 2.7, CH,Cl).
— IR (CHCly): v 3375 (s, br., OH), 3070, 3053, 3015, 3000 (m,
C—H,,,m). 2955, 2928, 2870, 2859 (s, CH,, CH3), 1480, 1466 (m),
1434 (s, P—Ph). 1379 (m), 1094 (m, P—Ph), 1028 (s, br., C—-0),
1000 (s), 742, 698 (sycm ~!. — 'H NMR (300 MHz, CDCl;, TMS):
6= 0.84 (1. '/ = 7.4 Hz, 3H, CH3), 1.20—1.60 (m, 6H, 3 CH,),
1.90 (s, br., 1 H, OH), 2.48 (m, | H, CH,CHP), 3.60 (ddd, J = 11.2
Hz, J = 8.7 Hz, J = 57 Hz, 1 H, CHHO), 3.76 (ddd, J = 11.3 Hz,
J=113Hz, J=44Hz 1H. CHHO), 7.18—7.28 (m, 6H, H,,,.,...
para)» 1.37=7.47 (m, 4H. H,,,,). — *C NMR (75 MHz, CDCl,,
TMS): 6 = 13.95 (s, CHy), 22.82 (s, CH3CH,), 28.00 (d, 2Jcp = 15
Hz, CH»), 29.88 (d, *J¢p = 10 Hz, CH,), 39.90 (d, 'Jep = 11 Hz,
CH-CHP). 62.63 (d. *Jp = 15 Hz, CH,), 128.39, 128.45 (d, *Jcp =
7 Hz, C,..). 128.83 (d, *Jep = T Hz, Cpp), 13359 (d, 2Jcp = 19
Hz, C,.p.). 136.19. 136.58 (d. 'Jep = 14 Hz, C;). — *'P NMR
(202 MHz, CDCl;, H3POL): 6 = —12.4 (s). — MS (70 eV); m/z (%):
287 (12), 286 (57) (M ™), 243 (21) (M* — C3Hy), 229 (13) (M™* —
C Hy), 213 (86) (Ph,P-C,HY), 202 (8), 201 (6), 186 (100)
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(Ph,PH™), 185 (19) (Ph,P*), 183 (54), 154 (6), 152 (7). 133 (6), 125
(6), 109 (20) (PhPH™), 108 (82) (PhP*), 107 (24), 91 (7), 77 (6), 47
(8), 41 (11). — C15H4;0P: calcd. 286.14869; found 286.14865 (MS).

{ = )-( R)-2-Diphenylphosphanyl-1-heptanol [(R)-13f]: 157 mg (0.5
mmol) borane-protected alcohol (R)-12f was reacted with 280 mg
(2.5 mmol) DABCO according to GP 10, yielding 147 mg (86%)
of (R)-13f as a colourless oil. — [ = —12.8 (¢ = 1.1, CHCI,).
~ IR (CHCl5): ¥ 3400 (s, br., OH), 3078, 3051 (m, C—H,,,,.), 2954,
2930, 2871, 2858 (s, CH,, CH;), 1480, 1467 (m), 1434 (s, P—Ph),
1380 (m), 1091 (m, P—Ph), 1030 (s, br., C—0), 741, 698 (s) cm L.
— "H NMR (300 MHz, CDCl;, TMS): 8 = 0.84 (t, 3/ = 7.4 Hz,
3H, CH;), 1.15—-1.60 (m, 8H, 4 CH,), 1.70 (s, br., 1 H, OH), 2.45
(m, 1H, CH,CHP), 3.60 (ddd, / = 11.3 Hz, J= 8.8 Hz, /= 5.4
Hz, 1H, CHHO), 3.76 (ddd, J = 11.5 Hz, J= 1.3 Hz, J = 4.7
Hz, 1H, CHHO), 7.28—7.37 (m, 6H, H,puqpua)s 746755 (m,
4H, H,,;,). — *C NMR (75 MHz, CDCl;, TMS): § = 14.02 (s,
CH,), 22.49, 31.92 (s, CH,), 27.37 (d, *Jep = 10 Hz, CH,), 28.28
(d, 2Jep = 15 Hz, CHy), 39.15 (d, "Jep = 12 Hz, CHP), 62.67 (d,
2Jcp = 15 Hz, CH,), 128.40, 128.46 (d, *Jep = 7 Hz, Cyore) 128.86
(d. “ep = 3 Hz, C,,,), 133.56, 132.60 (d, YJcp = 19 Hz, C,pp0),
136.13, 136.55 (d, YJep = 13 Hz, C,,,). — *'P NMR (202 MHz,
CDCly, HaPO,): 6 = —12.4 (s). — MS (70 eVY; mlz (%): 301 (7),
300 (34) (M*), 243 (25) (M* — C,Hy), 230 (30) (M* — CsH,),
229 (9) (M* — CsHyy), 213 (72) (PhoP—CoHS), 202 (7), 201 (6),
186 (100) (Ph,PH"), 185 (22) (Ph,P*), 183 (50), 152 (6), 133 (7),
109 (20) (PhPH ), 108 (77) (PhP*), 107 (16), 91 (7), 77 (6), 55 (11),
47 (8), 41 (16). — C,oHxOP: caled. 300.1643; found 300.1644
(MS).

(= )-{ R)-2-Diphenylphosphanyl-1-decanol [(R)-13g]: 178 mg (0.5
mmol) borane-protected alcohol (R)-12g was reacted with 280 mg
(2.5 mmol) DABCO according to GP 10, yielding 145 mg (85%)
of (R)-13g as a colourless oil. — [o] = —12.2 (¢ = 2.0, CH,CL,).
— IR (CHCl,): ¥ 3343 (s, br., OH), 3055 (m, C—H,,,,, ), 2954, 2925,
2854 (s, CHa,, CHjy), 1480, 1466 (m), 1436 (s, P—Ph), 1380 (m),
1176 (s), 1118 (s), 1028 (s, br., C—0), 746, 697 (s) cm~ !, ~ 'H
NMR (300 MHz, CDCl;, TMS): 3 = 0.87 (t, /= 7.4 Hz, 3H,
CH;), 1.17-1.60 (m, 14H, 4 CH,), 1.95 (s, br.,  H, OH), 2.45 (m,
1 H, CH,CHP), 3.58 (m, | H, CHHO), 3.74 (ddd, J = 11.6 Hz, J =
11.3 Hz, J = 4.6 Hz, 1 H, CHHO), 7.18-7.25 (m, 6 H, Hpperu pura)s
7.35-7.47 (m, 4H, H,,;,). — *C NMR (75 MHz, CDCl,;, TMS):
3 = 14.13 (s, CH;), 22.67, 29.25, 29.44, 29.76, 31.86 (s, CH,), 27.69
(d, *Jep = 10 Hz, CHy), 28.30 (d, 2Jcp = 15 Hz, CH,). 39.14 (d,
1Jcp = 12 Hz, CHP), 62.65 (d, *Jcp = 15 Hz, CH,), 128.39, 128.45
(d, YJep = 7 Hz, Cper). 128.83 (d, Ucp = 6 Hz, C,,). 133.60,
133.62 (d, 2Jep = 19 Hz, Corno), 136.24, 136,62 (d, YJep = 13 Hz,
Cipso). — 3P NMR (202 MHz, CDCl;, H;PO,): § = —12.4. — MS
(70 eV); mlz (%): 343 (7), 342 (31) (M™), 243 (21) (M™* — C;H,5),
230 (30) (M* — CgHyy), 229 (9) (M*™ — CgHyp), 213 (42)
(Ph,P—C,HY), 202 (14), 201 (9), 186 (100) (Ph,PH™), 185 (18)
(Ph,P™), 183 (39), 109 (12) (PhPH™), 108 (44) (PhP*), 107 (11), 91
(8), 77 (5), 69 (6), 55 (%), 47 (1), 41 (16). — C,,H;,0P: calcd.
342.2113; found 342.2111 (MS).

* Dedicated to Professor Hans Paulsen on the occasion of his
75th birthday.
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