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PAPER 

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-phosphanyl 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 l l  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. 
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Introduction 

1. Functionalized phosphanes containing an additional 
oxygen donor functionality, e.g. esters['], ketones[*], etherd3] 
and alcohols[4], are used as hemilabile ligands in homo- 
geneous catalysis[5]. a-Phosphanyl ketones are successfully 
used as ligands in the Shell Higher Olefin Process 
(SHOP)[6]. 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. 

Shawm and Brunner[*] obtained achiral a-phosphanyl ke- 
tones by nucleophilic addition of phosphides to a-halogeno 
ketones. Braunstein[91 as well as Demerseman and 
Dixneufrioj synthesized a-phosphanyl ketones by electro- 
philic substitution of ketones with chlorodiphenylphos- 
phane. In a similar way, Shaw[''] 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["I or by selective 
substitution of hydroxy groups from chiral pool sub- 
s tance~[ '~] .  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- 

merically pure 2-phosphanyl alcohols by addition of di- 
phenylphosphide to racemic oxiranes and subsequent enzy- 
matic resolution[I6]. The reaction of (S)-styrene oxide with 
lithium diphenylphosphide gave two enantiomerically pure 
regioisomer~['~I. 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 
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 
SAMPIRAMP hydrazone we have re- 
cently reported on the first enantioselective synthesis of a- 
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)-l-amino-2-meth- 
oxymethylpyrrolidine (SAMP) affording the corresponding 
SAMP hydrazones (S)-2 (Table I)[*']. 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 (2)-configured a-phosphanyl hydrazones (S ,  R)-3 
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were isolated in good yields (70-79%) and with good dia- 
stereomeric excess (de = SO-SS%) (Scheme l, Table 2). 

l‘able I. Ketone SAMP hydrazones 2 prepared 

~1 R2 yield [%] 

(S)-Za Et Me 85 

(SJ-Zb Pr Et 76 

(R)-Zba Pr Et 77 

( 9 - 2 ~  Bu Pr 75 

(S)-Zd Ph Me 87 

L‘ RAMP was used as chiral auxiliary. 

Scheme 1. Synthesis of‘ a-phosphanyl ketone SAMP hydrazones 
(S, R)-3 and hydrazone cleavage experiments 

HCII 

I CH3 

I 
CH3 72% 

5 -  

Table 2. a-Phosphanyl ketone hydrazones 3 prepared by phospha- 
nylation of ketone SAMP hydrazones 2 with chlorodiphenylphos- 

phane 

entry R I  R2 yield de (Z) 

[%] [%] 

(S,R)-3a Et Me 70 80 

($R)-3b Pr Et 69 80 

($R)-3c Ph Me 79 85 
~~~ 

The subsequent cleavage of the chiral auxiliary was inves- 
tigated with the phosphanyl hydrazone (S,R,Z)-3a (de = 
80‘%1). 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 HClln-pentane, which gave the a-phosphanyl 
ketone 4 in 50% yield but only 21 o/o 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- 

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 ozon~lysis[~~] .  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 S c h m i d b a ~ r [ ~ ~ ] .  Re- 
action of these electrophiles with the deprotonated ketone 
SAMP hydrazones (9 -2  at - 100 “C and aqueous work-up 
at 0 “C gave the airstable, borane-protected a-phosphanyl- 
hydrazones (S,R)-6 mainly as (2)-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 (a-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 (@form without epimerisation (Table 
3). 
Scheme 2. Enantioselective synthesis of borane-protected a-phos- 

phanyl ketones (R)-7 

0 R~4 0 ~ 1 / C ~ ~ 3 , ’ ~ ~ 3  

R2 46 - 59% R‘ 
( R j - 7  1 

75 - 87% I 71 - 84 Yo 
NH2 

(SAMP) 

H3C0”””Q 

”,“‘“’’ 1) LDA, THF, 0 O C  

N” 

R2 

9 2) CIPR:. BH3 

L P R Z .  BH3 -1 00 OG + -78 OC 
* R’ I 79 - 86% 

Ozonolysis of the (2)-configured hydrazones (S,R)-6 gave 
the a-phosphanyl ketones 7 in 71 -84% yield as colourless 
crystals (721-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 ( 9 - 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-phosphanyl ketone SAMP hydrazones 
6 prepared by phosphinylation of ketone SAMP hydrazones 2 with 

chlorophosphane-borane adducts 

yield yield yield [a]: de 

entry Rl  R2 R3 (3 (I?) (z+E) ( C =  I.CHC13) (z) 

[%J [%] ["h] [9/.1 

(S,R)-6a Et Me Ph 81 10 91 +95.2 96 

(S,R)-6b Pr Et Ph 86 2 88 C130.9 98 

(R,S)-6ba Pr Et Ph 85 3 88 -132.1 98 

(S,R)-6d Ph Me Ph 86 2 88 +297.5 95 

(S,R)-6e PI Et iPr b b 80 +261.8c 96d 

(S,R)-6c Bu Pr Ph 79 8 87 +114.2 98 

a RAMP was used as chiral auxiliary. - 
ned. - 
contaminated with ca. lo'%, of the (0-isomer. - 
merizes without epimerisation. 

Only total yield determi- 
Optical rotation of the (,?)-isomer; (2)-isomer is always 

Compound iso- 

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

(R)-7a Et Me Ph 84 +71.7 94 

(R)-7b Pr Et Ph 78 +78.8 97 

(9-7ba  Pr Et Ph 77 -8 1.4 97 

(R)-7c Bu Pr Ph 76  +73.1 97 

(R)-7d Ph Me Ph 71 114.9 91 

(R)-7e Pr Et iPr 78 +201.5 92 

'' RAMP was used as chiral auxiliary. 

comparison with the racemic mixtures prepared via the cor- 
responding N,N-dimethylhydrazones[26]. 

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 (2J13p = 11.8 
Hz). The IH-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 (ec. = 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 (@-configured 
minor diastereomer of the hydrazone 6b showed the (S)-  
configuration at the newly generated stereogenic centre 
(Figure 2)12']. 

NOE experiments on both of the (2)-configured diastere- 
omers[28] 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 CH20 protons and the 
BH3 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 

Figure 1 .  Determination of the enantiomeric excess of the a-phos- 
phanyl ketone (R)-7b 

3 . 3 8  3 36 3 34 3.32 3 30 3.28 3 38 3 36 3 34 3.32 3 30 I 2 8  

ee = 0% ee = 97% 

Figure 2. Structure of the (a-configured minor diastereomer (S,S)- 
6b (Schakal plot) 

c5 

R C 4  C16 

N 
N2 

c10 2% c95 

C13 ""A 
c22  

the proton at the newly generated stereogenic centre and 
the CH2N proton cis to the OCH3 group was observed. The 
minor diastereomer (S,S)-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-phosphanyl ketones synthesized by 
phosphinylation of SAMP hydrazones have the (R)-con- 
figuration, in agreement with the postulated mechanism for 
electrophilic substitutions of SAMPlRAMP hydra zone^[^^]. 
Figure 3. Decisive NOE effects on both diastereomers of the (2)- 

configured a-phosphanyl hydrazone 6b 

major diastereomer minor diastereomer 
(S,R,Z)-Gb (S,S,Z)-Gb 

The deprotection of the phopshane functionality, feasible 
by reaction with a m i n e ~ [ ' ~ ~ . ~ ~ ]  or acids, was investigated 
with the a-phosphanyl ketone (R)-7a (ee = 94%). The mild- 
est basic method, the reaction with DABCO[3'1, gave the 
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2) R'I 
-100 "C --f 20 "C 

-78 "C 4 20 "C 
3) BH3 ' SMe2 

unprotected a-phosphanyl ketone 4L1"1 with only 20% en- 
antiomeric excess. Reaction with HBF4 . OEt, in CH2CI2 as 
described in the did not give the a-phosphanyl 
ketone 4 but the corresponding alcohol in variable but low 
diastereoineric excesses. The best way turned out to be the 
reaction with HBF4 OEt, in acetone which gave the target 
compound 4 in 81'Yn 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 
eleclrophilic phosphanylation of aldehyde hydrazones A 
(routes I, 11) and the alkylation of phosphanyl acetaldehyde 
SAMP hydrazones C (route 111). The phosphanylation of 
unsubstituted aldehyde hydrazones A was carried out with 
thc chlorodiphenylphosphane- borane adduct (route I) and 
with chlorophosphanes and subsequent phosphorus-boron 
bond formation (route 11). 

Scheme 3. Synthetic plan to 2-phosphanyl alcohols D 

"NR2 N , ~ ~ ;  "NR2 
Phosphinyiation Alkylation 

d" 

Aldehydes 8 were converted into the corresponding hy- 
drazones 9L2'1 by reaction with the hydrazine reagents 
SAMP, RAMP or (S)-(  I)-amino-2-(1 '-methoxy-1'-ethyl- 
propy1)pyrrolidine (SAEP)["I (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)- 
I I  were isolated in moderate yields (38-560/0) and with 
good diastereomeric excesses (& = 73-800/0) (Table 6) as 
(E/Z)-mixtures with regard to the C=N double bond. The 
(%)-isomers isomerised to the thermodynamically favored 
(E)-configured conipounds 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 

Table 5.  Chiral aldehyde hydrazones 9 prepared 

R* ~3 yield ["?I 
(S)-9a H H 90 

(9-9b Me H 82 

(8-9c Me Et 80 

(S)-9c Pr H 93 

(9-9f Bu H 81 

(9-9g Pent H 93 

(S-9d Et H 91 

(R)-9ea Pr H 80 

(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 11: phosphanylation of aldehyde 
hydrazones 9 with chlorophosphanes and subsequent 
addition of the borane-methyl sulfide complex; route 
111: alkylation of a-diphenylphosphanyl acetaldehyde 
SAMP hydrazone 10 and subsequent addition of the 
borane-methyl sulfide complex 

dH 
8 

80 - 97% 

1) LDA, THF, 0 "C 
2) CIPPh2. BH3 

-100 "C 4 20 "C 

I 

1) LDA, THF. 0 "C 
2) CIPPR: 

-1 00 "C --f -78 "C 

-78 "C + 20 "C 

(3-9 

3) BH3 ' SMe2 

45 - 75% 
(S,rn-ll 
38 - 56% 17 de = 73 - 80% . (32 - 65) Ial 

de = 50 - 87% 
(2 96%) 

111 
(S,3-11 
20 - 63%(51%) 
de = 27 - 71%(L 98%) ['I 

6R: (3-10 

La] after separation of the minor diastereomer 
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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 ~1 yield [a]<*(E) de 

[%I ( c =  1, CHC13) [%I 
($R)-llb Me 56 +43.2 73 

(S,R)-lle Pr 40 +77.9 77 

(S,R)-llf Bu 39 +69.9 77 

(S,R)-llg Pent 41 +35.9 80 

(S,R)-lld Et 40 +80.8 80 

(S,R)-llh 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 (a-isomers with regard to the C = N  
double bond (Table 7). 

Table 7. Borane-protected a-phosphanyl aldehyde SAMP hydrazo- 
nes (S,R)-1 1 prepared by phosphanylation of aldehyde hydrazones 
9 with chlorophosphanes and subsequent addition of the borane- 

methyl sulfide complex (route 11) 

(S, R)-1 l a  

(S, R)- l1  b 

(S,R)-l IC 

(S,R)-lld 
(S,R)-lle 

(R,S)-lle 

(S, R)-1 If 

(S, R1-11 g 

(S,R)-ll h 

Me 

Me 

Me 

Et 

Pr 

PI 

Bu 

Pent 

Oct 

iPr H 74 

Ph H 45(32) 

Ph Et 75(65) 

Ph H 67(50) 

Ph H 68(60) 

Ph H 66(59) 

Ph H 69(55) 

Ph H 70(57) 

Ph H 66(45) 

+180.0 

+157.6 

+85.9 

+136.2 

+114.1 

-1 12.2 

+121.7 

+125.9 

+110.8 

87 

50(298) 

73(296) 

79(298) 

86(298) 

86(298) 

80(298) 

81(298) 

SO(298) 

'' In parentheses: after purification of the major diastereomer by 
crystallization, HPLC or flash chromatography ( l lc) .  - Determi- 
ned by 'H and "C NMR spectroscopy. - RAMP was used as 
chiral auxiliary. - " Optical rotations of the diastereomerically pure 
compounds (except l l a ) .  ~ (/?)-isomer. 

The (Z)-configured major diastereomers of the diphenyl- 
phosphanyl SAMP hydrazones 11 b,d-h were crystallized 
from ethedpentane at -20 "C. Further separation of dia- 
stereomers from the mother liquor by HPLC afforded dia- 
stereomerically pure diphenylphosphanyl SAMP hydra- 
zones l l d - h  in 45-600/0 yield (& = 96%). In the case of 
the diphenylphosphanyl-propanal-hydrazones l l b , c  the 
change of the chiral auxiliary from SAMP to SAEP pro- 
vided far higher yields of diastereomerically pure substance 
( l l b :  32% yield; l l c :  65% yield). Diastereomeric en- 
richment was found to be impossible for the diisopro- 
pylphosphanyl hydrazone 11 a[23]. 

An alternative route to a-phosphanyl aldehyde hydra- 
zones 11 was by alkylation of a-diphenylphosphanyl acet- 
aldehyde SAMP hydrazone (9-10, yielding products with 

different stereochemistry 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 (E)-configured compound by flash chromatog- 
raphy under argon. 

After deprotonation of (9-10 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,S)-11 in good yields (60-6396) and good dia- 
stereomeric excesses (de = 68-71 YO) as (Ha-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,S)-11 prepared by alkylation of a-diphenylphosphanyl acet- 
aldehyde SAMP hydrazone (S)-10 and subsequent addition of the 

borane-methyl sulfide complex (route 111) 

entry ~1 yield de 

["/.I ["/.I 
(S,S)-llb Me 60 69 

(S,S)-lld Et 63 71 

(S,S)-I l e  Pr 62 (51) a 68 (298) a 

(S,s)-llf BU 62 70 

a 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 13C NMR spectra of the 
corresponding MTPA esters['4] and by comparison with the 
racemic 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)-l,2-propanediol (14) in four 
steps (Scheme 6). After protection of the primary hydroxyl 
function with tert-butyldimethylsilyl chloride, the secondary 
hydroxyl function was sulfonylated with mesyl chloride. 
Substitution of the mesylate with KPPh2 (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 I 1  to borane-protected 2-phosphanyl alcohols 12 

Figure 4. Determination of the enantiomeric excess of the 2-phos- 
phanyl alcohol 13c 

entry RI  ~2 yield [al1,22 ee e 

I%] (C = 1 ,  CHC13) ["h] 

(R)-12a 

(R)-12b a 

(R)-12b 

(R)-12c 

(K)-l2d 

(S-12d C 

(S)-12d 

(K)-12e 

(R)-12f 

( R ) - W  

Me iPr 72 -2.7 

Me Ph 73 -34.4 

Me f'h 68 -3 1.2 

Et Ph 67 -29.4 

Pr Ph 75 4 5 . 0  

Pr Ph 72 +46.1 

Pr Ph 69 +46.5 

Bu Ph 77 4 6 . 7  

Pent Ph 75 4 1 . 7  

Oct Ph 83 -37.1 

84 f 

296 

296 

98 

296 

296 

296 

98 

296 f 

296 

Li Starting material: (S,R)-llb. - 
' Starting material: (R,S)-lle. - 

esters of the un rotected 2-phosphanyl alcohols 13. - 
ned by ' H  and ' C  N M R  spectroscopy of the MTPA esters. 

Starting material: (S,R)-llc. - 
Starting material: (S,S)-lle. - 

Determined by ' H  and "C N M R  spectroscopy of the MTPA 
Determi- 

Table 10. Unprotected 2-phosphanyl alcohols 13 
~~ ~ ~~ 

entry ~1 yield [a]<2 ee C 

["/I (c, CH2Cl2) [%I 
(R)-13b Me 85 -7.9(2.2) 296d 

(R)-13~ Et 85 +4.0(2.0) 98 

(R)-13d Pr 91 -9.2 (2.0) 296 

(.y)-13d a Pr 92 +9.4(2.2) 296 

(R)-13e Bu 91 -14.3 (2.7) 98 

(R)-13f Pent 86 -12.8 (1.1) b t 9 6 d  

(R)-13g Oct 85 -12.2 (2.0) 296 

:' Starting material: (S)-IZd. - Solvent: CHC13. - Determined 
by ' H  and "C: N M K  s ectroscopy of the MTPA esters. - <' Determined by 'H  and "C NMR spectroscopy of the MTPA 
esters after reconversion to phosphane-borane adducts 12. 

Schcme 5, Synthesis of 2-phosphanyl alcohols 12 and 13 from a- 
phosphanyl aldehyde hydrazones I 1  

n 

L -  

11 12 lee>96%) 13 leerss./,J 

a) 1. 03, CHzCIz/ npentane, -78 "C, 2. BH3. SMez, -78 "C - 25 "C 
b) DABCO, Et20,25 "C, 48h 

pound (R)-12b in 38% overall yield; [a]ET = -33.8 (c = 1, 
CHCI,); ee = 98%. Compound 12b, prepared by phos- 
phanylation of propanal SAMP hydrazone 9b, gave [a]ET = 
-34.4 ( c  = I ,  CHCI,). Based on the assumption of a uni- 
form reaction mechanism, the 2-phosphanyl alcohols pre- 

ee = 0% ee = 98% 

pared by phosphanylation of aldehyde SAMP hydrazones 
( 9 - 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 ( 9 - 1 0  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[2Yl. 

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

H3c+o~ _jOSilBuMe. OSilBuMep 
4 - a) H3C - =  b) H 3 C d  --t (R)-12b 

OH OMS PPhz ' BH3 

(57-14 (57-15 (@-I6 

a)l. CISiBuMeZ, NEt3, DMF, 73%, 2. MsCI, CH2CI2, 80%; b) 1. KPPhz, 
THF, 2. BH3 SMe2, 80%; c) 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-diphenylphosphanyl acetaldehyde SAMP 
hydrazone. The highly enantiomerically enriched func- 
tionalized phosphanes described in this paper are useful 
synthetic building blocks and important hemilabile (P,O) 
ligands for asymmetric homogeneous catalysis. 

This work was supported by the Fonds der Chemisehen Industrie 
and the Deutsche Furschung~~gemeinschaft (Sonderforschungs- 
bereich 380, Leibnii award). 7: B. gratefully acknowledged the in- 
valuable and dedicated work of A. 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 CaHJ 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 pm), ether/n-pentane ( 1  :3), 
UV detector. - IR spectra: Perkin-Elmer FT/IR 1750. - 'H and 

NMR spectra: Varian VXR 300, Varian Gemini 300, Varian 
Unity 500. - Mass spectra: Varian MAT 212 (EI), Finnigan MAT 
95 (HRMS). - Microanalyses: Heraeus CHN-0-Rapid. 

General Procedure 1 ( G P  1)  f o r  tlze 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, I 1  
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 tlze Phosphanyhtion of Ketone 
S A M P  Hydrazones 2 with Chlorod~henylphosphane: 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 
NH4CI, extracted with n-pentane, dried ( MgS04), filtered and the 
solvent was evaporated at 0°C. 

Generul Procedure 4 (GP 4 )  for the Phosphanyhtion of Ketone 
S A M P  Hydruzones 2 with Chlorophosphane- Borane Adducts: To a 
solution of metallated ketone hydrazone 2 at - IOO'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 NH4CI, extracted with 
ether, dried (MgS04) and filtered, and the solvent was evaporated. 
The (Z)-configured hydrazones 6 were purified by flash chromatog- 
raphy (SiO?, etherln-pentane, 1 :4). 

General Procedure 5 (GP 5) f o r  the Phosphunylution oj' Aldehyde 
S A M P  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 THI: (1.2 equiv., 2 ml/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. It was then quenched with aqueous 
NH4CI, extracted with ether, dried (MgS04) and filtered, and the 
solvent was evaporated. The hydrazones 11 were isolated by flash 
chromatography (SiOz, etherln-pentane, 1 :4). 

General Procedure 6 JGP 6 )  j i )r  the Pliospkanylution of' Clziral 
AIdeli~de Hydrazones 9 with Chlorophosphanes and Subsequent Con- 
version to Pho.sphane- Borane Adducts: To a solution of metallated 
aldehyde hydrazone 9 at -100"C, was added the chlorophosphane 
in THF (1.2 equiv., 2 mlimmol). After stirring for I h at this tem- 
perature the reaction mixture was allowed to warm to -78°C over- 
night. Borane-methyl sulfide complex (1.2 equiv.) was added and 
the mixture was warmed to room temperature. The reaction mix- 
ture was quenched with aqueous NH4CI at 0"C, extracted with 
ether, dried (MgS04) and filtered, and the solvent was evaporated. 
The hydrazones 11 were isolated by flash chromatography (SiOz, 
etherin-pentane, 1.4) and evaporation of the solvent at 0°C. The 

(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 Alkylution of the Diphenyl- 
phosphanylricetaldehyde S A M P  Hydrazone 10: To a solution of me- 
tallated hydrazone 10 at - 100 "C, was added the alkyl iodide. 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 NH4Cl at O'C, extracted with ether, dried (MgS04) 
and filtered, and the solvent was evaporated. The hydrazones 11 
were isolated by flash-chromatography (SiOz, etherln-pentane, 1 :4). 
The major diastereomer was purified by preparative HPLC. 

General Procedure 8 (GP 8 )  for the Ozonolysis of Borune-Pro- 
tected a-Phosphunyl Ketone Hydruzones 6: The (a-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 (SOz, etherln- 
pentane. 1:6). All glassware was carefully cleaned to remove all 
traces of' alkali and acids (i. dil. aqueous HCI, ii. H20, iii. 12 h at 
100OC). The temperature of solutions of the products was not al- 
lowed to exceed 20 "C. 

General Procedure 9 JGP 9)  f o r  the Ozonolysis of Borune-Pro- 
tected a-Phosphunyl Aldehyde Hydrazones 11 and in situ Reduction: 
The borane-protected a-phosphanyl aldehyde hydrazones 11 were 
dissolved in a mixture of dichloromethane (200 ml/mmol) and n- 
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-methyl sulfide complex with aq. NH4C1 (150 ml), the 
crude products 12 were concentrated in vacuo and purified by flash 
chromatography (SOz, Et20/pentane, 1 :4). 

General Procedure I0 ( G P  10) jiv the Cleavuge 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 (SiOz, EtzO/ 
pentane, 1 :3). 

General Procedure I 1  (GP 11) f o r  the Synthesis of Rucrmic Un- 
protected2-Phosphanyl Alcohols 13: To a solution of 11 mmol LDA 
in THF (1  mllmmol) 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 (Si02, Et,O/pentane, 1 :3) under argon. 

( - )  - ( S )  -2-(l'-Methosy-l'-ethylpropyl)-l-( 1 ' -propy l -  
icic.neaminoip.vrrolidine [(S)-9c]: 2.9 g (50 mmol) Propanal and 9.3 
g (50 mmol) SAEP were reacted analogously to a literature pro- 
cedure["]. yielding 9.4 g (80%)) of 9c as a colourless liquid. - 
[a]g = -5.1 ( l  = 0.1, neat). - IR (neat): C 2966, 2938, 2880, 2825 
(s, CH2, CH?), 1606 (m, C=N), 1459 (s, br.), 1138 (s), 1124 (s), 
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1087 ( s )  cin ' .  - ' H  NMR (300 MHz, CDCI,, TMS): 6 = 0.87, 

CHKH2CHN).  I .45-2.O0 (m. 8 H, NCH2CH2CH2, 

2H,  CH3C/12CHN). 2.70 (m. 1 H, NCHH), 3.27 (s, 3H, OCH3), 
j.34 (in. I H. NCHII). 3.54 (m,  1 H, NCH), 6.60 (t, J = 4.9 Hz, 

0.90 ( t .  . I=  7.4 Hz, 3H.  Clf?CH,C,), 1.05 (t, J =  7.6 Hz, 3H, 

NCH~CH~CEII.  CH;CH,C,,). 2.20 (qd, J = 7.4 Hz, J = 4.9 Hz, 

1 H. lIC=N]. I-'C NMR (75 MHz, CDCI?, TMS): 6 = 7.95, 8.53 
( 5 .  CHqCHZC,,). 11.98 ( s ,  C'H?CH,CHN), 23.88, 23.95, 24.52, 
26.28. 26.40 ( 5 .  CHJC'HICN, 2 CH?CH?C,, NCHlCHZCH2, 
NCHJ'H2C'HZ). 50.52 (s, OCH3), 51.88 (s. NCH2), 69.17 (s, 
NC'H). 80.45 [s. (Et2)CO], 137.90 (s, C=N) .  - MS (70 eV); m/z 

226 ( 3 )  [M+]. 126 (9)- 125 (100) [M+ - EtZCOCH,], 70 (16) 
s N  ' I .  - CIH?(,N20 (226.36): calcd. C 68.98, H 11.58, N 

12.38: found C 69.08. H 11.59. N 12.38. 

/ - 1 - 1  S - 1 - 1  I ' - H ~ ~ / ~ i ~ ~ l i t l ~ ~ ~ i ~ ~ i 1 ~ ~ ~ i ~ 1 ~ ~ ) - 2 - ~ ~ 1 e t h o . ~ y ~ ~ 1 t ~ t l ~ y l / ~ ~ ~ ~ ~ l i r l i n e  
[ ( .S) -9g] :  5.7 g (50 mmol) heptanal and 6.5 g (50 mmol) SAMP were 

-d analogously to a literature procedure[2'], yielding 19.8 g 
) of 9g as  a colourless liquid. - b.p. 105-107°C (1 mbar), 

~~ 106.6 ( I  = 0.1. neat); [a]:; = -127.0 (c = 1, CbH6). - IR 
(neat): ir 2955-2855 (s. CH,, CH?), 1606 (m, C=N),  1461 (m), 
1378 (111). 1340 (111). 1302 (s). 1282 (s), 1197 (m). 1120 (s, br., C - 0 ) ,  
973 (ni), 903. 726 (s)  cm I. - 'H  N M R  (300 MHz, CDCI?, TMS): 
A =  0.75 ( L  J =  6.9 Hz. 3H,  CH,), 1.16-1.33 (m, 8H,  CH,), 
1.64-1.78 (in, 4 H ,  CHI 2.07 (in, 2 H ,  CH,CHN), 2.58 (m, 
IH .  NC//H).  3.23-3.29 (m, 3H,  CH20,  NCHH), 3.27 (s, 3H,  
OC'H;). 3.43 (m.  I H ,  NCH), 6.51 (t, J = 5.6 Hz, 1 H, HC=N). - 
"C NMR (75 MHz, C'DCIJ, TMS): 6 = 13.90 (CH,), 22.07, 27.75, 
28.84. 31.66. 33.07 (CH,), 22.52 (NCHZCH2CHz), 26.50 
(NC'H2C'H2C'H~) .  50.32 (NC'H?), 59.03 (OCH?). 63.44 (NCH). 
74.79 (CHJ)). 139.05 (C=N).  - MS (70 eV); m/z ((XI): 226 (6) 

45 (8).  43 (30). 41 (20). - C13Hl,N20 (226.36): calcd. C 68.98, H 
11.58. N 12.38: Ibund C 69.29, H 11.61. N 12.20. 

(M ' ). 181 (100) (M- - ClHjO). 82 (8), 70 (64) (CdHI;N+), 55 (lo), 

l i t  let I euii I in 0 )  -2 - 117e t 11 oxy I M  e t Iiy lpy I' ro lidin e 
[(S)-9h]: 7.8 g (50 nimol) dccanal and 6.5 g (50 mmol) SAMP were 

analogously to ;I literature procedure["], yielding 18.9 g 
of  9h a s  ;I colourless liquid. - b.p. 156-158°C (1 mbar), 

0.1. neat), [a]E = -97.8 ( C  = 1, C(,H6). - IR 
(nea0: <, 2955-285.5 (s. CHZ. CHI), 1606 (m, C=N),  1460 (m), 
1379 ( i n ) .  1.340 (m). 1301 (s). 1282 (s), 1197 (in), 1121 (s, br., C-0), 
973 (111). 903, 722 (s) ~ 1 1 1  I .  - 'H  N M R  (300 MHz, CDCI?, TMS): 
A =  0.70 ( t .  J =  6.7 H7. 311, CH,), 1.18-1.37 (ni. 14H, CH2), 
1.68-1.83 (IN. 4 H ,  CH,,>,, ,) ,  2.11 (m, 2H,  CH,CHN), 2.62 (m, 
I H. NC'MH). 3.28-3.34 (m, 3H. CH20 ,  NCHH), 3.27 (s, 3H,  

"C N M K  (75 MHz. C'DCI,, TMS): 14.08 (CH,). 22.13. 27.85, 
29.23. 29.30. 29.50. 29.54, 31.89, 33.12 (CH?), 22.67 

-90.2 ( I  

OCH:). 3.47 (111. 1 k i .  NCH). 6.56 (t, J = 5.6 Hz. 1 H. HC=N). - 

(NCH,('H,Cl12), 26.56 (NCHZCHZCH?), 50.43 (NCH?), 59.1 1 
(OCH,). 63.56 (NCH). 74.85 (CH20),  139.33 (C=N). - MS (70 

268 (5)  (M-) ,  223 (100) (M+ - C2H,0), 70 (43) 

calcci. C 71.59. H 12.02. N 10.44; found C 71.34, H 12.34, N 10.71. 
(6). 45 ( 5 ) .  43 (I9),  41 (11). ClhH32N20 (268.44): 

( ~- - ( ,y) - / - / I  ~ ' - ~ ~ / J / f l ~ l l l ~ / / ~ / l O ~ S ~ ~ l i l l ~ ~ ~ / )  - I ' - ~ t ~ Z ~ ~ ~ i ~ ~ ~ ~ l ~ ~ i l l l l ~ ~ l ~ ~ ] - ~ -  

~ / / ~ , ~ / / ( ~ . \ - l . / i / ~ ' i / / i ~ / ~ ~ I ~ / ~ / . ( ~ / i ( I i / ~ ~ ,  [(S)-lo]: 7.8 g (50 mmol) hydrazone 9a 
and I 1 .O g (50 mmol) ClPPh2 were reacted according to GP 3. 
Alter hcating to 100°C' for 3 h the crude product was purified by 
coluiiiii cliroinatography under argon, yielding I I .56 g (68%) of 
(S)-IO iis ;I colourlcss oil. - [a];; = -109.8 ( c ,  = 1.0. CHC13). - 

C'H:. CH;).  1586 (111). 1575 (in), 1481. 1460 (m), 1434 (s, P-Ph). 
1341. I I96 (111). 1 I19 (s. P-Ph), 1097, 742, 698 (s) c n -  I. - ' H  
N M I i  ( ;OO M H r .  CDCI,. TMS): 6 = 1.60--1.86 (ni, 4 I I ,  

IR (neat): ? 3069. 3052 (111, C-H ,,). 2973, 2923, 2876, 2825 (s, 

NCH2CH2CH2, NCH,CH,CH,), 2.54 (m, I H, NCHH), 2.99 (d, 
br., J =  5.7 Hz, 2H,  CH2P), 3.09-3.41 (m, 4H, NCH, NCHH, 

IH ,  HC=N), 7.18-7.28 (m, 6H, H,,lerasam)r 7.32-7.42 (m, 4H, 
CHlO), 3.23 ( s ,  3H, OCH,), 6.44 (dq, 'JHp = 5.7 Hz, J =  5.7 Hz, 

Hnrrho). - "C NMR (75 MHz, CDC13, TMS): 6 = 21.07 ( s ,  
NCH2CHZCH2), 25.49 (s, NCH2CH,CH,), 32.08 (d, ' J C p  = 14 Hz, 
CHZP), 48.99 ( s ,  NCHZ), 58.14 (s, OCH3), 62.28 (s, NCH), 73.59 
(s, CH20),  127.29 (d, 'Jc,. = 7 Hz, C,,,,,,), 127.50 (d, 2Jcp = 3 Hz. 
C=N),  131.14, 131.28 (s, C,,,,,,), 131.82, 131.94 (d, ?JCp = 18 Hz, 
Cc,r,/J, 137.03, 137.13 (d, IJCp= 14 Hz, C ,/,. s,7). - MS (70 eV); 
nil: ('%I): 340 (11) (M+), 295 (6) (M+ - C2H50), 183 (7), 156 (1 I ) ,  
155 (100) (M+ - Ph2P), 121 (6), 112 ( l l ) ,  109 ( 5 )  (PhPH+), 80 
(lo), 71 (14), 55 (7), 45 (8) (C,H,O+), 41 (8). - C20HZ5N20P 
(340.40): calcd. C 70.57, H 7.40, N 8.28; found C 70.85, H 7.53, 
N 8.51. 

(2S,2' R, Z )  - I  -[ (2 ' -  Dipiienylplzospliuiiq~l) -pent-3'-ylideneamino]- 
2-metho.v~~methylp~rrulidine [(S,R,Z)-3a]: 1.98 g (1 0 mmol) hydra- 
zone (S)-2a and 2.43 g (1 1 mmol) CIPPh2 were reacted according 
to GP 3, yielding 2.67 g (70%) of (S,R,Z)-3a as a colourless oil. - 
' H  NMR (300 MHz, CDC13, TMS): 6 = 1.02 (t, J = 7.3 Hz, 3H, 

1.56-2.48 (m. 7H,  NCH,CH,CHH, NCH2CH2CH2, NCHH, 
CH3CH2), 2.89-3.39 (m, 4H,  NCHH, CHzO, NCH), 3.34/3.27 (s, 

CH,CHP), 7.23-7.31 (m, 6H, Hnrc,.to,porJr 7.46-7.56 (m, 4H, 

CH3CH2). 1.16 (dd, , J H p  = 15.8 Hz, ' J  = 7.1 Hz, 3 H, CH,CHP), 

3H, OCH,), 4.12/4.71 (dq, > J H p =  7.3 Hz, ' J =  7.3 Hz, l H ,  

HorrIlo). - NMR (75 MHz, CDcl3, TMS): 6 = 11.24/11.27 (s, 
CH3CH?), 15.01114.43 (d, 'JCp = 15 Hz, CH,CHP), 21.36120.75 
(s, NCH2CH2), 25.24 (d, 3Jcp = 13 Hz, CH3CH2), 26.59/25.47 (s, 
NCHCH,), 34.29/33.82 (d; 'Jcp = 12 Hz. CH,CHP), 54.4U53.98 

CH?O), 127.07, 127.36 (d, ,Jcp = 7 Hz, C,,,L.,l,). 132.02, 133.19 (d, 

MS (70 eV); M?/Z (YO): 382 (7) (M+), 198 (12), 197 (100) (M+ - 

( s ,  NCH?). 58.09/57.90 (s, OCH?), 65.75/64.78 (s, NCH), 75.94 (s, 

2 J c p  = 20 Hz, C<,,l/z(,), 167.98/173.61 (d, 'JCp = 9 Hz, C=N).  - 

Ph>P), 183 ( 6 ) ,  114 (Is), (CBHl?N+), 109 (6) (PhPH+), 84 (11) 
( C ~ H I O N + ) ,  70 ( 6 )  (CdHsN+), 56 (34) (CdHT), 41 (8) (C2HjO). 

(2 S, 2' R , Z)  - I - [ (2' - Dipheny lplzosphun y 1) - hept -4'-y lideneum ino/- 
2-metl~o.vymrtlzylpq~rrolidine [(S,R,Z)-3h]: 2.26 g (10 mmol) hydra- 
zone 2b and 2.43 g (1 1 mmol) CIPPhl were reacted according to 
GP 3. yielding 3.24 g (79'Yo) of (S,R,Z)-3b as a colourless oil. - 'H 
NMR (300 MHz, CDCI,, TMS): 6 = 0.72, 0.78 (t, 7 J  = 7.4 Hz, 
3H, CH?), 1.19-2.28 (m, IOH, 5 CH,), 2.36 (m. 1H. NCHH), 
2.81 (m. l H ,  CHHO), 3.17 (s, 3H,  OCH3), 2.95-3.13 (m, 3H. 
NCHH, CHHO, NCH), 4.13/4.39 (m, I H ,  CH,CH,CHP), 
7.10-7.28 (m. 6H. H,,,,,, ,./, ,,,,,), 7.39, 7.51 (In, 2H,  Hu,-,/,J. - ',C 
NMR (75 MHz, CDCI,, TMS): 6 = 12.53 (d, ,JCp = 9 Hz, 
C'H3CH2CHP), 13.10 (s. CH,CH,CH,), 19.48 (s, CH,CHZCH2), 
22.32 (s, NCHlCH?), 22.72 (d, 'Jcp = 18 Hz, Ch,CH,CHP), 26.47 
(s, NCH2CH2CH2), 34.70 (d, 'JCp = 10 Hz. CH3CH2CH2), 40.85 
(d, 'Jcp = 16 Hz, CH3CH2CHP), 54.46/53.93 (s, NCH,), 57.92/ 

127.42 (d, ?JCp = 7 Hz, C,,,,,,,), 128.20 (s, C,,,,.,,), 132.36, 133.48 (d, 
'Jcl. = 19 Hz, Cc1,.,/?<,), 166.56 (d, 'JCp = 8 Hz. C=N). 

57.85 ( s .  OCH,). 65.66/64.94 (s, NCH), 75.28 ( s .  CH20), 126.99, 

(2S,2'  R, Z )  - I -[ ( 2 ' -  Diplienq~l~~/iosphaiiq~l) -l'-phen~~l-l'-prc~pyl- 
iu'n1enii1ii10]-2-t11etlz0~q~~~tliyII)1.~r~li~~i~i~~ [(S,R,Z)-3c]: 2.46 g (10 
mmol) hydrazone 2d and 2.43 g ( 1  1 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, CDCI?, TMS): 6 = 1.46 (dd, 
'JH,, = 14.8 Hz. 3J = 7.4 Hz, 3H, CH3CHP), 1.60-2.20 (m, 4H, 
NCH,CH,CH2, NCH2C'H2CH,), 2.65 (m, 1 H. NCHH), 3.20-3.58 
(m, 4H,  NCH, CH,O, NCHH), 3.38 (s. 3H, OCH,), 4.38/4.94 (dq, 
?JHP = 14.8 Hz. ' J  = 7.4 Hz. 1 H, CH,CHP), 7.20-7.50 (m, 15H, 
H,,,,,,,,). - I3C NMR (75 MHz, CDC13, TMS): 6 = 15.93/15.85 
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(d, 2JCp = 20 Hz, CH,CHP), 21.96 (s, NCH2CH2CH2), 26.66 (s, 
NCH,CH2CH?), 33.66 (d, 'Jcp = 16 Hz, CH?CHP), 55.42 (s, 
NCH2), 58.16 (s, OCH'), 66.07 (s, NCH), 75.85 (s, CH20), 126.68, 
127.12, 127.71, 128.11 (C,,, ,,,, ), 127.19, 126.92, 127.43 (d, I J C p  = 7 
Hz, Cpmc,.ir,)r 132.23, 132.99 (d, ,JCp= 20 Hz, Cp~,r,~ro), 135.80; 
136.35 (d, 'Jcp = 16 Hz, Cp,,,,,,), 163.43 (d, >JCp = 10 Hz, C=N). 

Cl?lorodipherz.vlplio.sphan~~- Borane Adduct: 2.65 g (1  2 mmol) 
Ph2PCI and 1.2 ml (12 mmol) BH? SMe, were reacted according 
to GP I ,  yielding CIPPh, BH3 as a colourless oil. - 'H NMR 
(300 MHz, CDCI,, TMS): 6 = ca. 1.3 (q, 'JHB = 100 Hz, 3H, 
BHd, 7.39 (m, 4H, H,,,(ill,)r 7.47 (m, 2H,  H/,a,.J, 7.71 (m, 4H, 
Ho,.r/ro). - 3'P NMR (202 MHz, CDCI,, H3P04): 6 = 92.9 (q, 
' J p B  = 50 Hz). 

Clilorodiisoprop~~~iospliuiie- Borune Adduct: 1.83 g (12 mmol) 
iPr,PCI and 1.2 ml (12 mmol) BH3 . SMe, were reacted according 
to GP I ,  yielding CIPiPrz . BH3 as a colourless liquid. - 'H NMR 
(300 MHz, CDC13. TMS): 6 = ca. 0.65 (q, 'JHH = 100 Hz, 3H,  

2.25 [m, 2H,  (CH,)?CHP]. - "P NMR (202 MHz, CDC13, 

(+) - (2S,2' R , Z j  - I  -[ (2 ' -Bovnnu tod~ken~~lp l~ops l i~ in~ l ) -pen t -3 ' -  
~~lideneurnino]-2-rnetho,~~meth~lp~rr~~lid~1ze [(S,R,Z)-6a]: 1.98 g (10 
mmol) hydrazone (S)-2a and 2.81 g (12 mmol) C1PPh2 . BH3 were 
reacted according to GP 4, yielding 3.21 g (81%) (S,R,Z)-6a as a 
colourless oil. - [a12 = +95.2 (c = 1.0, CHCI,). - IR (neat): 
P 3058 (m, C-H,,, ,,,, ), 2972, 2933. 2872. 2833, 2811 (s, CH2, 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) cm-I. - IH 

BHI), 1.22, 1.25 [dd, J = 8.6 Hz, J = 7.0 Hz, 12 H, (CH,),CHP], 

HJ'O,): 6 = 136.9 (q, ' J p B  = 46 Hz). 

NMR (500 MHz, ChDG, TMS): 6 = 0.98 (t, I =  7.3 Hz, 3H, 
CH~CHI).  1.34 (dd, 3JHp = 16.8 Hz, ' J  = 7.3 Hz, 3H, CH,CHP), 
1.60 (m, 3H, NCH2CH,CHH, NCH2CH2CHH), 2.02 (m, 1 H, 
NCH2CH2CHH), 2.25 (m, 1 H, NCHH), 2.50 (m, 2H,  CH,CH,), 
2.98 (m, I H ,  NCHH), 3.21 (s, 3H, OCH'), 3.29, 3.43 (m, IH,  
CH20),  3.54 (m, I H ,  NCH), 4.67 (dq, ,JHI, = 14.7 Hz, ' J =  7.3 
Hz, I H ,  CH3CHP), 7.01-7.19 (m, 6H, H,t7t,,c(.,><,,.J, 7.99, 8.66 (m, 
2H,  Horr/zo) .  - "C NMR (75 MHz, CsD6, TMS): F = 11.10 (s, 
CH3CH2), 14.04 (d, 'Jcp = 3 Hz, CH,CHP), 22.81 (s, NCH?CH?), 
27.25 (d, 3 J ~ p  = 1 Hz, CH3CH2), 27.55 ( s ,  NCHCHP), 33.47 (d, 
' J c p  = 31 Hz, CH?CHP), 56.16 (s, NCH?), 58.99 (s .  OCH3), 67.70 
(s, NCH), 76.55 ( s ,  CH?O), 128.71, 128.94 (d, ,JCp = 10 Hz, C,,,,,,,,), 
129.91, 130.87 (d, 'JCp = 53 Hz, C0,\<,), 131.15, 131.49 (d, 4 J c p  = 

2 Hz, C/,t,rt,), 132.92, 133.42 (d, ?Jcp= 9 Hz, Co,.,/,J, 165.66 (s. 
C=N). - 3'P NMR (202 MHz, C6Dh, TMS): 6 = 22.4 (s, br.). - 
MS (70 eV); ti?/: ( ( X I ) :  396 (2) (M+), 395 (4) (M+ - H), 282 (95) 
(M+ - N C ~ H I ~ O ) ,  201 (41), 197 (54) (M' - Ph2P. BH'), 185 (25) 
(PhlP+), 153 (56) (M+ - PhlP . BH? - C2H40), 114 (66) 
(C6H12Nt), 109 (26) (PhPH'), 84 (45) (C5HloNt), 70 (42) 
(CdHgN'), 56 (100) (CdH;), 41 (28) CZHSO). - C23H74BN20P 
(396.32): calcd. C 69.70, H 8.65, N 7.07; found C 69.98, H 8.88. 
N 7.06. 

( + j - (2S ,2 'R ,Z )  -1 -[ (2 ' -  B o r a n ~ i t o ~ l i ~ ~ l z e n ~ ~ l ~ ~ l ~ ~ ~ , ~ ~ ~ l ~ u t ~ ~ l j  -1zept-4'- 
~li~kenrritwi11o]-2-n1ctlio.~~~1netli~~~~rr~~lidii~r [(S,R,Z)-6b]: 2.26 g ( I  0 
mmol) hydrazone (S)-2b and 2.81 g (12 mmol) ClPPh? . BH, were 
reacted according to GP 4, yielding 3.65 g (86%) (S,R,Z)-6b as a 
colourless oil. - [a]g = +130.9 ( c  = 1.0, CHC13). - IR (neat): 
D 3058, 3022(m, C-Hc,rcl,17), 2963, 2929, 2872, 2829 (s. CH2. 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, C6D6, TMS): 6 = 0.73 (t. ' J  = 7.3 Hz, 3H,  
CH3CH2CHP), 0.79 (t, ,J = 7.3 Hz, 3H, CH3CH2CH2), 1.40 (m, 

NCH2CH2CHH, CH3CHHCH2), 1.87 (m, 1 H. CH,CHHCHP), 
I H ,  CH3CHHCH2), 1.65 (m. 4 H. NCH?CH?CHH, 

2.05 (m, 1 H, NCH2CH2CHH), 2.13 (m, 1 H, CH,CHHCHP), 2.35 
(m, 2H, NCHH, CH3CH2CHH), 2.46 (m, I H ,  CH3CH2CHH), 
3.12 (m, 2H, CHHO, NCHH), 3.18 (s, 3H, OCH3), 3.23 (m, I H ,  
CHHO), 3.42 (m, 1 H, NCH), 4.75 (dt, 'JHp = 15.1 Hz. ' J  = 7.3 
Hz, I H ,  CH3CH2CHP). 7.03-7.13 (m, 6H, H,,,,,, ,,/, ,,,,,), 8.01, 8.19 
(m, 2H,  Horril,,).  - 13C NMR (75 MHz, CbD6, TMS): 6 = 13.74 
(d, ' J c p  = 9 Hz, CH3CH2CHP), 13.86 (s, CH3CH2CH2), 19.74 (s, 
CH3CH2CH2), 22.44 (d, ' JeP = 3 Hz, CH3CH2CHP), 22.56 (s, 

39.81 (d, ' J C p  = 30 Hz, CH3CH2CHP), 55.72 (s, NCH2), 59.06 (s, 

10 Hz, C,,,,.,,,), 128.99, 129.64 (d, 'JCp= 54 Hz, Ci/,,o). 131.14. 
131.26 (d, 4Jcp = 2 Hz, Cl,oi.o)r 133.75, 133.54 (d, 'JCP = 9 Hz, 

6 = 20.9 (s, br.). - MS (70 eV); t d z  (%I): 424 (3) (M+), 423 (9) 

NCHICH?), 27.23 (s, NCH,CH?CH?), 35.84 (s, CH,CH?CH?), 

OCH,), 66.98 ( s ,  NCH), 75.86 (s, CH20), 128.26, 128.82 (d, ' J c p  = 

Cor,/,n)r 164.21 ( s ,  C=N). - NMR (202 MHz, CGDh, HqP04): 

(M+ - H), 311 (23),  310 (100) (M' - NCGHl20), 309 (26), 226 
(23), 225 (20) (M+ - PhzP BH,). 185 (10) (Ph,P+), 181 (9) ( M +  
- PhzP. BH3 - C?H40), 114 (15) (C6H12Nt), 70 (16) (C4H8Nt). 
- C25H38BN20P (424.37): calcd. C 70.76, H 9.03, N 6.60; found 
C 70.71, H 8.93, N 6.47. 

(+ ) - ( 2  R , 2 ' S , Z )  -[ (2'-Borunatodiphenylphosphan~l) -1iept-4'- 
~l ideneuni ino/ -2-met I i~~.~ymet l i~ lp~rrol i~ in~ [(R,S,Z)-6b]: 2.26 g ( 10 
mmol) hydrazone (R)-2b and 2.81 g (12 mmol) CIPPhl . BH3 were 
reacted according to GP 4 ,  yielding 3.60 g (85%) ( R , S , Z ) d b  as a 
colourless oil. - [a]g = -132.1 (c = 1.0, CHCI,). The other ana- 
lytical data corresponded with those of [(S,R,Z)-6b]. 

( + ) - (2S,2' R. Z )  -1 -[ (2 ' -Boruni i tod iphe1i~lp l~o .~pl~an~~l)  -non-5'- 
~lide1ieut~~iiio]-2-~~1etho.~~~nieth~lp?~r~olidine [(S,R,Z)-6c]: 2.54 g ( 1  0 
mmol) hydrazone (S)-2c and 2.81 g (12 mmol) CIPPh? BH3 were 
reacted according to GP 4 ,  yielding 3.57 g (79%) (S,R,Z)-6c as a 
colourless oil. - [a12 = +114.2 (c = 1.0, CHCI?). - 1R (neat): 
P 3077, 3057, 3024 (m, C-H,,,., ,,,, ), 2958. 2930, 2871 (s. CH?, CHI). 
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, C6D6, TMS): 6 = 0.70 (t, ' J =  7.3 Hz. 3H,  
CH~CHZCH~CHP) ,  0.83 (t, ' J  = 7.3 Hz, 3 H. CH,CHZCH,CH2), 
1.08-2.55 (m, 15H. NCH2CH2CH2, NCH2CH,CH2, NCHH, 
CH2), 3.13 (m, 2H, CHHO, NCHH). 3.18 (s, 3H,  OCH3), 3.26 (m. 
lH ,  CHHO), 3.44 (ni, 1 H, NCH), 4.93 (dt, 2J,,p = 15.1 Hz, ' J  = 

7.4 Hz, IH.  CH3CH2CH2CHP), 7.00-7.15 (m, 6H,  H,,,,,,, ,,,, ,,,,,). 
8.03, 8.24 (m, 2H,  HorIllo). - "C NMR (75 MHz, C6Dh, TMS): 
6 = 14.15, 14.23 (s, CH,), 22.75 (d, = 7 Hz, 
CH3CH?CH>CHP), 22.75 (s, NCHICH?), 22.93 (s, CH,CH2CH?). 
27.34 (s, NCH?CH?CH?), 28.49 (s, CH?CHlCH?CH2), 32.04 (d, 
? J c p  = 3 Hz, CH,CH2CH,CHP), 34.05 (s, CH3CH2CH2CH2), 
38.79(d, 'JCp = 29 Hz.CH3CH2CH2CHP), 56.15 (s,NCHr),58.94 
(s, OCH,), 67.75 (s, NCH), 75.92 (s, CH?O), 128.47. 129.98 (d, 
3 J ~ p =  10 Hz, C,,,,,,,), 130.10, 131.35 (d. ' J c - p =  53 Hz, C ,/,.,, >), 
131.13, 1 3 1 . 2 5 ( d , 4 J C p = 2 H ~ , C , , ~ , ~ ~ r ) .  133.13, 133.65(d,'JCp=Y 
Hz, Co,-l/io). 164.91 (s, C=N). - 31P NMR (202 MHz. ChDh, 

H7P04): 6 = 21.0 (q, lJpB = 50 Hz). - MS (70 eV); in/:  ((XI): 452 
( I )  (M+), 339 ( l l ) ,  338 (54) (M' - NCbHl20), 337 ( 1  I ) ,  253 (100) 
(M+ - Ph2P ' BH,), 209 (10) (M' - Ph2P ' BH3 - CZHjO). 201 
(9), 185 (12) (PhlP'), 183 (17). 114 (17) (CGHIzN'~), 108 (12) 
(PhP~'), 84 (26) ( C S H I ~ N + ) ,  70 ( 1 1 )  (C4HsN '). - C27H421BN20P 
(452.43): calcd. C 71.68, H 9.36, N 6.19; found C 71.98, H 9.62, 
N 6.45. 

( + J - (2S,2'R, Z )  -1 -[ (2 ' -  B o ~ t ~ ~ i ~ i t o ( ~ ~ l i ~ ~ i l ~ l ~ ~ l i ~ ~ p l i ~ ~ l ~ l )  -1 -phc>nj'l- 
1 ' -prop~lideiiec1~1iir1o]-2-ti i~~tl~o.~~~ii~~~tl~~lp~rroli~iine [( S, R,Z)-6d] : 
2.54 g (10 mmol) hydrazone ( S - 2 d  and 2.81 g (12 mmol) CIPPh? 
' BH? were reacted according to GP 4, yielding 3.82 g (86'%,) 

colourless oil. - [a];; = +297.5 (c  = 1.0, CHCI?). 
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- IR (neat): P 3078, 3057, 3024 (m, C-H,,,,,,,,), 2968, 2927, 2872, 

P-Ph). 1131. 1107 ( s ,  P-Ph), 1062, 740, 698 (s) cm-'. - 'H  NMR 
(300 MHz. C6D,, TMS): 6 = 1.58 (m, 3H, NCH2CH2CH2, 

C'MKHP). 2.01 (m. 1 H, NCH2CH2CHH), 2.41 (m, 1 H. NCHH), 
3.18 (m. I H. NCHH), 3.22 (s, 3H, OCH?), 3.38, 3.53 (m, l H ,  
CH2O). 3.71 (in. IH,  NCH), 4.99 (dq, ? J H p  = 15.1 Hz, ' I =  7.5 
HL. 1 H, CH,CHP), 6.96-7.12 (m, 9 H ,  H,,leloporc,), 7.45 (m, 2H, 
H,,,,,/,,,). 7.81 -8.04 (in, 2H, HP ,,,, ho). - I3C NMR (75 MHz, C6D6, 
TMS): S = 15.10 (d, 'Jcl, = 4 Hz, CH'CHP), 23.35 (s, 

2828 (s.  CH:, CH,), 2384 (s, B-H), 1589, 1574, 1487, 1438 (s, 

NCHlCHzCHN), 1.68 (dd, 3 J ~ ~ p  = 16.4 Hz, ' J  = 7.5 Hz, 3H,  

NCH2C'FlICH2), 27.53 (s, NCH7CH>CH2), 33.65 (d, ' J c p  = 29 Hz, 
CH;('HP). 57.02 ( s ,  NCHZ), 59.01 (s, OCH,), 68.01 (s, NCH), 
76.41 (s? CHlO), 128.31, 128.90 (s, C,~r.i/r,,,C,rlci~r), 128.37, 128.83 (d, 
' J c p =  10 Hz, C,,,,.,,,), 131.03, 131.21 (d, 4Jcp= 2 Hz, Cp(,,.J, 
133.10, 133.83 (d, 'Jc.p = 9 Hz, Corrho), 137.92 (s, Cc,,,,J, 161.30 (s, 
C=NL - "P NMK (202 MHz, C6D,, H3POj): 6 = 24.6 (s, br.), 
- MS (70 eV); nil: ( I % ) ) :  444 (2) (M+), 443 (6) (M+ - H), 331 (18), 
330 (88) (M' - NC,,H120), 329 (24), 246 (23), 245 (46) (M+ - 
PhlP ' BH;), 214 (13), 213 ( I I ) ,  201 (27) (M+ - PhlP ' BH3 - 
CZHjO), 186 ( I I ) ,  185 (41) (Ph?P+), 183 (34), 142 (17), 141 (22), 
140 (16), 133 (I?), 132 (100) (M+ - PhlP.  BH, - CBHIINO), 129 
(18). 114 (56) (C,HlzN+), 109 (23) (PhPH+), 104 (28), 91 (14), 
84 (17)  (C5H1(,Nh), 77 (36), 70 (11)  (CdHXN+). - C27H34BN20P 
(444.36): calcd. C 72.98. H 7.71, N 6.30; found C 73.05, H 7.87, 
N 6.43. 

f + i - i.?S,?' R i -1 -[ ( 2 ' -  Bornnatodiisoprop~Iplzosphun~I)-hept-4'- 
~~l i tk~r ic~t i i~~ir10~-2- i r ic~fho.~~~nic th~lp~rrol id ine  [(S,R)-6e]: 2.26 g (10 
inniol) hydrazone (S)-2b and 2.00 g (12 mmol) CliPr?P . BH3 were 
reacted according t o  GP 4, yielding 2.85 g (80%) (S,R)-6e as a 
coloul-less oil. - m.p. 37°C (9, [a]g ( E )  = +261.8 ( c  = 1.0, 

(s. B-H). 2344 (sh). 1630 (C-C,,,.,,,), 1630 (C=N), 1460 (m), 1385, 
1369, 1348, 1282. 1269. I238 (m), 1127, 1097, 1067, 1042, 972, 928 
(s) cin I. - ' H  NMR (300 MHz, C6D6, TMS): (Z):  6 = 0.74 (t, 
' J  = 7.3 Hz, 3H.  CH3CHICH2CHP), 0.97 (t, ' J =  7.3 Hz, 3H, 
CH,CH2CH2), 1.03- 1.22 (m, 12H, PCHCH,), 1.52-2.04 (m, 
IOH), 2.23 (m, 3H) ,  2.63 (m. 1 H), 3.12 (s, 3H, OCH'), 3.04-3.42 

CHCII). - IR ( K B r ) :  P 2970, 2931, 2873, 2826 (s, CH?, CH,), 2378 

(111. 4 H ,  NCH, CH20. NCHH), 3.55 (ddd, 2 J H p  = 15.1 Hz, J 
12.4 Hz, J = 3.0 H/,  1 H ,  CH;CH?CHP). - 'H  NMR (300 MHz, 
ChD(,, TMS): ( E ) :  6 = 0.86, 0.90 (t, ' J =  7.3 Hz, 3H, CH,), 1.01, 
1.05. 1.10, 1.26 (dd, ,JHP= 14 Hz, ' J =  12 Hz, 3H, PCHCH'), 
1.40-2.18 (in, 9 H L  2.29-2.65 (m. 4H),  2.92-3.06 (m, 2H). 3.24 
(a? 3H. OCH?), 3.26-3.36 (m, 2H, NCH, CHHO), 3.60 (m, IH,  
CHHO). - "C NMK (75 MHz, C h D h ,  TMS): (Z):  6 = 13.16 (d, 
' J c p  = 13 Hz, CH;CH,CHP), 14.34 (s, CH,CH,CH2), 17.37, 
17.75, 18.40, 18.68 (d. LJc-p = 2 Hz, CH,CHP), 19.56 (s, 
CH7C'H2CH2), 21.57 (d, 2Jc-p = 1 Hz, CH3CH2CHP), 21.56, 23.73 
(d, ' J < . p  = 30 Hz, CH,CHP), 22.50 (s, NCH,CH2), 26.35 (s, 
NCHZCHIC'H,), 35.76 (d. 'Jcp = 22 Hz, CH,CHZCHP), 36.50 (s, 
CH3CH:CHI), 55.49 (s. NCH?), 58.74 (s, OCHI), 67.96 (s, NCH), 
74.97 ( s .  CHIO), 164.87 (d. 'Jcp = 4 Hz, C=N). - "C NMR (75 
MHz,  C(,D(,, TMS): ( E ) :  6 = 13.81 (d, 'Jep = 9 Hz, CH3CH2CHP), 
14.99 (a.  C'H3CH2CH2), 17.32 (s), 17.85 (s), 18.19 (d, ' Jcp = 4 Hz), 
19.27 (s) (PCHCH;), 19.82 (d, ?JCp = 1 Hz, CH3CH2CHP), 20.07, 
21.06 (d. lJc-p = 29 Hz, PCHCH?), 22.69 (s, CH3CH,CH2). 22.75 

41 3 4  (d, 'Jc-.l. = 23 Hz. CHICH,CHP), 55.70 (s, NCH?), 58.95 (s, 
(s. NCHIC'HZ), 27.62 ( 5 .  NCH2CHlCH2). 36.79 (s, CH,CH?CH2), 

OCH3). 67.16 (s, NCH). 76.02 (s, CHZO), 167.80 (d, I J C p  = 2 Hz, 
C=N) .  - j l P  NMR (202 MHz, C6D6, H3PO4) (0: 6 =  37.0 
('JIJl% = 69 Hz). - MS (70 eV); in / :  ("/): 356 (4) (M+), 355 (8) (M+ 

( M I  - iPrIP. BH'), 181 (15)  (M' - iPr2P. BH3 - C1H40), 114 
- H),  243 (14). 242 (100) (M+ - NCnHlrO), 241 (24), 226 (17) 

(31) (C6H12N+), 112 (30), 84 (6) (C5HloN+), 75 (9) (iPrPH+), 70 

calcd. C 64.04, H 11.88, N 7.86; found C 64.26, H 11.89, N 7.89. 

[( R-7aI: 
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, [a]% = +71.7 (c = 1.0, C6H6). - IR (KBr): P 3079, 
3059, 3007 (m. C-HllO,,,), 2978, 2938, 2904. 2878 (s, CH2, CH?), 
2389 (s, B-H), 2350 (sh), 1713 (s, C=O), 1589 (w, 
C-C,,,,,,), 1456 (s), 1438 (s, P-Ph), 1378, 1350 (m), 1107 (s, 
P-Ph), 1064, 741 (s) cm-'. - 'H  NMR (300 MHz, C6D6, TMS): 

(46) (C4HgN+), 41 (23) (CzHsO'). - ClgHd2BN2OP (356.34): 

(+) - ( R )  -2-Rorunatod~henylplzosphun~l-3-pentanon~ 

6 = 0.82 (t, J = 7.2 Hz, 3H, CH,CH,), 1.16 (dd, , JHp  = 15.4 Hz, 
' J =  7.2 Hz, 3H,  CH,CHP), 2.12 (qd, ' J =  7.2 Hz, 4 J ~ p =  0.8 
Hz, 2H. CH,CHZ), 3.39 (dq, *JIlp = 12.3 Hz, ?J = 7.2 Hz, 1 H, 
CH,CHP), 6.92-7.06 (m, 6H, Hmctu.l,orJ, 7.69, 7.88 (m, 2H, 
Horrho). - "C NMR (75 MHz, C6D6, TMS): 6 = 7.55 (s, CH,CH,), 
12.69 (s, CH,CHP), 36.98 (s, CH,CH*), 44.69 (d, 'Jcp = 24 Hz, 
CH'CHP), 128.82, 128.87 (d, 3 J c p  = 10 Hz, C,,,,.,,), 131.37, 131.51 
(d, 4Jcp = 2 Hz, C,,,,,), 133.27, 133.66 (d, 2Jc-p = 9 Hz, C,,rr/lu)r 
207.07 (d, *Jcp = 1 Hz, '2x0). - 'IP NMR (202 MHz, C6D6, 

(2) (M+), 283 (11) (M+ - H), 271 (19), 270 (loo), 255 (16) (M+ - 
BH3 - CH3), 214 (32), 213 (25) (Ph2PCHCHT). 203 (25), 202 (S), 
198 (12), 187 (lo), 186 (67) (Ph?P+), 185 (53), 183 (66), 165 (lo), 

H,PO,): 6 = 22.0 (q, 'JpB = 62 Hz). - MS (70 eV); m/z (%I): 284 

152 (lo), 135 (15), 109 (41), 108 ( 5 5 )  (PhP+), 91 (9) (C,H:), 77 (7) 
(C6H:). 41 (30). - C17H22BOP (284.14): calcd. C 71.86, H 7.80; 
found C 71.57, H 8.30. 

(+)-( R)-3-Borunutodipheny~hosphurz~vl-4-h~ptunone [(R)-7b]: 
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, [a]g = +78.8 ( c  = 1.0, C6H6). - IR (neat): P 3100, 
3057, 3032 (m, C-H,,,,], ), 2966, 2933, 2875 (s, CH2, CH3), 2414, 
2373, 2346 (s. B-H), 1712 (s, C=O), 1587, 1577 (w, 
C-C,,,,,,,), 1437 (s, P-Ph), 1106, 744, 737, 695 (s) cm-'. - IH 

CH3CH2CH2), 0.65 (t, ' J  = 7.2 Hz, 3H, CH3CH,CHP), 1.40 (m, 
2H, CH3CH2CH2), 1.65 (m, IH, CH'CHHCHP), 2.06 (m, lH,  

(ddd, 'JHP= 11.8 Hz, ' J =  11.8 Hz, ' J =  2.9 Hz, l H ,  
CHICH2CHP), 6.94-7.08 (m, 6H, H,nctrr,puru), 7.74, 7.96 (m, 2H, 

NMR (300 MHz, C6D6, TMS): 6 = 0.64 (t, ,J = 7.2 Hz, 3H, 

CH'CHHCHP), 2.13 (t, ' J =  7.2 Hz, 2H, CH,CH,CHZ), 3.40 

HorrJl,,). - 13C NMR (75 MHz, C6D6, TMS): F = 13.56 (s, 
CH,CHZCH*), 13.56 (d, ,Jcp = 12 Hz, CH1CH?CHP), 16.81 (s, 
CH'CH2CH2), 22.22 (s, CH'CHICHP), 47.41 (s, CH'CHZCHZ), 
53.03 (d, I J c p  = 24 Hz, CH'CHZCHP), 128.82, 128.90 (d, 'Jcp = 
10 Hz, C,,,,,,,), 131.40, 131.54 (d, 4JCp = 2 Hz, C,,,,,,), 133.29, 133.81 
(d, ' J c p  = 9 Hz, Corr/ro)r 206.77 (d, ? J c p  = 2 Hz, C=O). - 31P 
NMR (202 MHz, C6D6, H'P04): 6 = 19.7 (q, ' J p B  = 55 Hz). - 
MS (70 eV); mlz ('XI): 312 (2) (M+), 311 (8) (M+ - H), 298 (50) 

;), 214 (12), 203 (13), 198 (7), 187 (15), 186 (100) (Ph2P+), 185 
(31), 183 (26), 113 (7) (M+ - Ph2P . BH3), 109 (16), 108 (28) 
(PhP+), 89 (7), 55 (15). - C I ~ H ~ ~ B O P  (312.12): calcd. C 73.10, H 
8.39; found C 72.94, H 8.43. 

( - ) - (S ) -3 -Borunr i tod ip l zeny lphosp l znn) . e  [(S)-7b]: 
Hydrazone [(R,S)-6b] (424 mg, 1 mmol) was ozonolyzed according 
to GP 8, yielding 240 mg (77%) of [(S)-7b] as colourless crystals. 
- [a]g = -81.4 (c = 1.0, C&). The other analytical data corre- 
sponded with those of [(R)-7b].  

(M+ - BH?), 269 (7) (M+ BH, - C?HS), 227 (7) (Ph2PCHCZH 

( + ) - ( R )  -4- Borunutod~hen~~lplzosph~in~l-S-nonanone [( R)-7c]: 
Hydrazone [(S,R)-6c] (452 mg, 1 mmol) was ozonolyzed according 
to GP 8, yielding 340 mg (76%) of [(R)-7c] as a colourless oil. - 
m.p. 99°C [a]$ = +73.1 (c = 1.0, CbH6). - IR (neat): P 3079, 
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3026, 3008 (m, C-H,, ,,,,, ), 2959, 2932, 2872 (s, CH2, CH3), 2390 

(s, P-Ph), 1380, 1345, 1106, 1061, 740, 696 (s) cm-'. - 'H NMR 
(s, B-H), 2351 (sh), 1711 (s, C=O), 1589 (w, C-C,,,,,), 1464, 1437 

(300 MHz, CsDh, TMS): 6 = 0.62 (t, ' J =  7.2 Hz, 3H, 
C H ~ C H ~ C H ~ C H Z ) ,  0.72 (t, 3J = 7.2 Hz, 3H, CH,CH,CH,CHP), 
0.98-1.74 (m, 10H, 5 CHZ), 3.56 (ddd, 'JHp = 11.8 Hz, 3 J =  11.8 
Hz, ' J  = 2.6 Hz, 1 H, CH3CH2CH2CHP), 6.96-7.10 (m, 6H, 
H,,,eru,,mn,), 7.77, 8.00 (m, 2H,  H,,r/,o). - NMR (75 MHz, 
C6D6, TMS): 6 = 13.71 (S, CH'CH2CH*CH2), 14.00 (s, 
CH3CH*CH2CHP), 22.24 (s, CH3CH2CH2CHZ), 22.56 (d, 'Jcp = 
11 Hz, CH3CH,CH*CHP), 22.48 (s, Ch3CH2CH2CH,), 30.70 (s, 
CH3CH*CH2CHP), 45.33 (s, CH3CHZCH2CH2), 51.26 (d, ' J c p  = 
23 Hz, CHICH2CH2CHP), 128.86, 128.92 (d, IJcp = 10 Hz, CItIPIO), 
131.45, 131.59 (d, , J c p  = 2 Hz, C,l,,.a), 133.32, 133.85 (d, ? J c p  = 

10 Hz, Corr/,,,), 206.94 (d, ' J c p  = 2 Hz, C=O). - NMR (202 

mlz ((Yo):  340 (1) (Mf), 339 ( 5 )  (M+ - H), 226 (40) (M+ - BHJ, 
297 (4) (M+ - BH3 - CZH,), 283 (7) (M+ - BH3 - C3H7), 241 
(8) (Ph*PCHC3H:), 227 (6) (PhIPCHCzH?), 214 (16), 213 (9), 203 

MHz, ChD6, H3P0,): 6 = 19.8 (q, 'JpB = 57 Hz). - MS (70 eV); 

(18), 198 (8), 187 (19), 186 (100) (Ph2P+), 185 (37), 183 (56), 141 

- C21H30BOP (340.25): calcd. C 73.10, H 8.39; found C 72.94, 
H 8.43. 

( +) -( R )  -2-Boranrrtorlipheny~Iio,~phunyl-l -phenyl-1 p o p a n o n e  
[(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]:: = +14.9 (c = 1.0, C6Hh). - IR 
(CHC13): 0 3060, 3009 (m, C-HIIrCOIII.). 2935 (s, CH,), 2390 (s, 

P-Ph), 1377, 1217 (s), 1107 (s, P-Ph), 1065, 757 (s) cm-I. - 'H  

7.1 Hz, 3H, CH3CHP), ca. 1.9 (q, 'JBH = 90 Hz, 3H, BH'), 4.49 

(14) (M+ - PhzP. BHI), 109 (14), 108 (27) (PhP+), 89 (6), 55 (11). 

B-H), 1678 (s, C=O), 1596 (w, C-C,,, ,,,, ), 1448 (s), 1438 (s, 

NMR (300 MHz, ChDh, TMS): 6 = 1.43 (dd, 'JHp = 15.4 Hz, ' J  = 

(dq, *JHp = 8.7 Hz, 3J = 7.1 Hz, 1 H, CH,CHP), 6.80-7.08 (m, 
9H, HOro,,,.), 7.70, 8.13 (m, 2H, HorrlloP). - 13C NMR (75 MHz, 
C6D6, TMS): 6 = 14.16 (s, CHjCHP), 40.03 (d, l J c p  = 27 Hz, 
CH,CHP), 126.69 (d, 'Jcp = 53 Hz, C,,,,oP)r 128.56, 128.78 (d, 
2 J c p  = 10 Hz, C,,,,,,), 128.54, 128.67 (Cc,rc,,,l.<.), 131.08, 131.57 (d, 
,Jcp = 2 Hz, Cl,u,.c,), 133.00 (s, C,,,, ,  c), 133.24, 133.68 (d, 2 J c p  = 
9 Hz, Cor/lro), 137.62 (s, Cj/,,cu~)r 198.26 (d, 2Jcp = 5 Hz. C=O). - 
3'P NMR (202 MHz, ChDh, HIPO,): 6 = 25.1 (q, ' J p B  = 55 Hz). 
- MS (70 eV); mlz (%): 332 (2) (M+), 331 (3) (M+ - H), 319 (21), 
318 (100) (M+ - BHI), 317 (37), 214 (lo), 213 (9) (Ph2PCHCHT). 
202 (22), 201 (8), 187 (7), 186 (49) (Ph2PH+), 185 (34), 183 (39). 
155 (7), 152 (7), 133 (6) (M+ - Ph2P BH?), 109 (18), 108 (29) 
(PhP+), 91 (19) (C7H:), 77 (28) (C,Hf), 65 (lo), 41 (15). - 
CzlH22BOP (332.19): calcd. C 75.93, H 6.68; found C 75.97, H 
7.06. 

(+ )-( R)-3-Borunutorliisopropylphosphunyl-4-heptunone [( R)-7e]: 
Hydrazone [(S,R)-6e] (356 mg, 1 mmol) was ozonolyzed according 
to GP 8, yielding 190 mg (78%) of [(R)-7e] as a colourless oil. - 
[a]g = +201.5 (c = 1.0, C6H6). - IR (neat): 0 2965, 2935, 2876 

1388, 1370 (s), 1322 (m), 1068, 1041, 687 (s) cm-'. - 'H  NMR 
(300 MHz, C6Dh, TMS): 6 = 0.66 (t, ' J =  7.2 Hz, 3H,  
CH3CH2CH2), 0.88 (t, ' J  = 7.2 Hz, 3H, CH3CH2CHP), 0.90, 0.95, 
1.00, 1.06 (dd, 'JHP = 15 Hz, = 7 Hz, 3H, PCHCH3), 1.32 (m, 
1 H, CH3CHHCH2), 1.65 (m, 2H, CH7CHzCHP), 1.75 (m, 1 H, 
PCHCH'), 1.94 (m, 1 H, CH,CHHCHP), 2.01 (m, 1 H, PCHCH3), 
2.19 (ddd, J = 18.0 Hz, J = 7.5 Hz, J = 6.7 Hz, IH,  

(s, CH2, CH3), 2381 (s, B-H), 2345 (sh), 1709 (s, C=O), 1462, 

CH3CHICHH), 2.74 (ddd, J = 12.2 Hz, J = 10.6 Hz, J = 2.1 Hz, 
1 H, CH3CH,CHP), 2.92 (ddd, J = 18.0 Hz, J = 7.5 Hz, J = 5.0 
Hz, 1 H, CHICH~CHH). - 13C NMR (75 MHz, ChDh, TMS): 6 = 

13.79 (s, C H ~ C H ~ C H Z ) ,  13.94 (d. , J c p  = 9 Hz, CH3CH?CHP), 

17.03 (s, CH3CH2CH2), 16.34, 16.69, 17.22, 17.36, 17.38, 17.62, 
17.65, 18.47 (PCHCH,), 20.79, 20.90, 21.84, 21.21 (PCHCH,), 
21.27 (s, CH,CH,CHP), 48.79 (d, 'Jcp = 17 Hz, CH,CH,CHP), 
48.99 (s, CH3CH2CH2), 206.77 (s, C=O). - "P NMR (202 MHz, 

(Yo): 244 (5) (M+), 243 (31) (M~'  - H), 231 (10). 230 (54), (Mi - 
BHI), 215 (21), 202 (15), 201 (28) (M+ - BH3 - C,H,), 188 (18) 
(M+ - BH3 - C3H6), 187 ( I I ) ,  159 (28), 146 (39), 145 (14), 135 

C6D,, H,PO,): 6 = 35.8 (q, l J p B  = 59 Hz). - MS (70 eV); i d s  

(46), 119 (16), 118 (100) (iPr2Hf), 117 (22), 76 (22), 75 (15), 55 
(19), 43 (16), 41 (13). - CI3HI0BOP (244.16): calcd. C 63.95, H 
12.39; found C 63.98, H 12.50. 

2-D~henylphosphunvI-3-pentui~one (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 HC1 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 HCl (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. 

c) 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]g = +102.2 (c = 1.0, CDCI'). - IR 
(neat): P 3061, 3041 (m, C-Hc,rc,J,,.), 2960, 2920, 2863 (s, CH2, CH,), 
1700 (s, C=O), 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, CDCI3, TMS): 6 = 0.85 (t, J = 7.2 Hz, 3H,  
CH,CH?), 1.21 (dd, , JHp = 13.4 Hz, IJ = 6.7 Hz, 3H, CH,CHP), 
2.25 (m, 2H,  CH'CHZ), 3.49 (qd, ' J  = 6.8 Hz, ? J H p  = 4.8 Hz, 1 H, 
CH,CHP), 7.22-7.50 (m, 10H, H,,,.,,,,). - I3C NMR (75 MHz, 
CDCI', TMS): 6 = 7.54 (s, CH3CH2), 14.00 (d, ' Jcp  = 15 Hz, 
CH,CHP), 35.48 (d, 'J<:p = 4 Hz, CHICH7), 46.55 (d, ' J c p  = 21 
Hz, CHICHP), 128.32, 128.35 (d, 3 J c p  = 7 Hz, C ,,,', 128.99 (d, 
, J c p =  9 Hz, C,,,,), 132.95, 133.31 (d, ' J C p =  20 Hz, Co,.r/,,,), 

C=O). - "P NMR (121 MHz, CDCIX, HIPO,): 6 = -0.6 (s). - 
138.98, 195.85 (d, 'Jcp = 16 Hz, C,/>,(,), 211.31 (d, 2Jep = 8 Hz, 

MS (70 eV); ndz ('31): 271 (18) (M+ + H). 270 (98) (M+), 269 (39) 
(M+ H), 255 (22) (M+ - CH3), 214 (S), 213 (43) (Ph2PCHCH 
.:), 203 (48), 202 (18). 187 (8), 186 (61), 185 (29) (Ph?P+), 183 (54). 
152 (9), 135 (30), 109 (loo), 108 (35) (PhP+), 91 (14) (C7H;), 77 
(6) (C6H:). - CI7Hl90P:  calcd. 270.1 1735; found 270.1 1738 (MS). 

2-Dipkenylhosphinoyl-3-pentunone (5) :  Hydrazone [(S,R)-3a] 
(382 mg, 1 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): D 3055, 3023 (m, C-HOT0,71), 2976, 2896, 2877 
(s, CH2, CH?), 1708 (s, C=O), 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, 101 I .  990, 950 (s), 721, 711, 701 (s) cm-'.  
- 'H  NMR (300 MHz, CDCI'. TMS): 6 = 0.81 (t, J =  7.2 Hz. 
3 H ,  CHICHI), 1.31 (dd, 'JHp = 16.2 Hz, 3 J =  7.2 Hz, 3H,  
CHICHI'), 2.48 (q, 3 H, J = 7.2 Hz, CH~CHZ),  3.61 (dq. 'JHp = 

14.3 Hz, 3 J =  7.0 Hz, 1 H, CH,CHP), 7.36-7.50 (m, 6H.  
H,,~cl~,,/ ,~,rJ, 7.66-7.79 (m, 4H,  Hc,,.ld - "C NMR (75 MHz. 
C6D6, TMS): 6 = 7.52 (s, CH?CHz), 11.54 (d, ' J c p  = 4 Hz. 
CHICHI'), 36.43 (s, CH7CH2). 50.44 (d, ' J c p  = 58 Hz, CH,CHP), 
128.73, 128.75 (d, 3Jcp = 12 Hz, C,,,,.,,,), 131.36, 131.39 (d, 'Jcl. = 
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9 HL. C,,,,,,,,). 132.24. 132.19 (d. ,JCp= 3 Hz, C,,(,,,,), 208.15 (d, 
' J (  1, = 2 HL, C=O).  - "P NMR (121 MHz, CDCII, H3POI): 6 = 

31.0 ( s ) .  - MS (70 cV): /111: ( I % ) :  286 (38) (M'), 231 (9), 230 (51), 
229 (32) (PhlPOCHCH:), 220 ( I I ) ,  219 (XI), 203 (lo), 202 (78), 
201 (100) (Ph2PO+), I55 (16), 141 (9), 105 (12), 77 (38) (C,Hf), 51 
118). 47 (22) .  - CI7Hl0O2P (286.31): calcd. C 71.32, H 6.69; found 
C 71.09. H 6.83. 

i + i - f .?S.-7' K j - 1-1 (-7 I -  Bor-tirlritoilii.sopvopq'lphosphnn~~l)prop-l'- 
i . l i tk~~~rc~ci i i i i~io]-2-r irc~f lro.~~i~~~ief l ipl~~q'rrol i~~~~e [(S,R)-lla]: 1.70 g (10 
mmol) hydrazone (S,R)-9b was reacted with 1.98 g (13 mmol) 
(CIPiPr. and 1.3 nil (13 mmol) BH, SMe2 according to GP 6 ,  
\ielding 2.22 g (74';G) of I l a  as a colourless oil. IR (neat): P 2963, 

(C=N). 1461 (in). 1369, 1342, 1303, 1197 (m), 1123, 1069 (s), 1035 
(111). 926. 885* 755. 692 (s )  cm-'. - IH NMR (300 MHz, CDCIJ, 
TMS)  ( Z ) :  A = 1.24. 1.28 (dd, ?JIjP = 13.7 Hz, J =  7.1 Hz, 6H, 

(.'H,CHP). I .54-2.20 (m, 6H,  NCH2CH2CH2, NCH2CH2CH2, 
[(CHl),CHP]). 2.58 (in. 1 H,  NCHH), 3.24-3.53 (m, 5H, NCH, 

2933, 2874. 2827 (s, CHI. CH?). 2373 ( s .  B-H), 2341 (sh). 1589 

[(CH,),CHP]). 1.39 (dd, ' J H p  = 14.1 Hz, J =  7.2 Hz, 3H, 

NCHH, CHiO, CHjCI-IP), 3.33 (s, 3H. OCH,), 6.87 (dd, J =  9.4 
f {L.  J 5.1 Hz. I H. HC=N). - ' H  NMR (300 MHz, CDC13, 
VMS) ( E ) :  6 = 1.17-1.28 (m, 12H, [(CI-I,),CHP]), 1.36 (dd, 
'JkIIl = 13.5 Hz, .I = 7.4 Hz. 3H.  CH'CHP), 1.75-2.20 (m, 6H, 
NCHICff2CH2, NCHICH,CH2, [(CH,),CIIP]), 2.79 (m. 1 H, 
NCHH). 3.02 (in, IH. CH;CHP), 3.22-3.46 (m, 3H,  NCHH, 
CH20).  3.37 ( 5 ,  3H.OCH,), 3.54 (m, I H ,  NCH), 6.57 ( d d , J =  6.9 

(L ) :  6 = 13.95 (s, CH'CHP), 17.31, 18.13 (d, 2Jcr. = 1 Hz), 17.70, 
18.26 ( s )  [(CH;),CHP], 21.85, 22.21 (d, lJcp = 30 Hz, 

38.03 (d. lJ(,p = 26 Hz, CH'CHP), 56.76 (s, NCH?), 59.00 (s, 
OCH;). 67.14 (s. NCH), 75.94 (s, CH20),  151.72 (d, ?JCp = 2 Hz, 

H7, .I = 1.9 Hz, 1 H. HC=N).  - "C NMR (75 MHz, C,jD,, TMS) 

[(C'H;)zC'HP]). 23.30 ( s ,  NCHICHICH?), 26.94 (s, NCHZCH?CH2), 

G N ) .  - "C NMR (75 MHz, ChDh, TMS) (E):  6 = 14.04 (s, 
CH3CHP). 17.62. 17.85, 17.91. 18.04 [(CH,)?CHP], 21.63, 22.75 (d, 
' , I< 1' = 30 Hz. [(CH:)lCHP]. 22.15 (s, NCHZCHlCH?). 26.68 (s, 
NCHICH,CH,), 31.20 (d. I J c p  = 29 Hz. CH3CHP), 50.00 (s, 
NCH?), 59.24 (s, OCH;). 63.32 (s, NCH), 74.65 (s, CH?O), 134.45 
(d,  ' J c p  = 2 Hz. C=N) .  - "P NMR (202 MHz, CDC13, H,PO,) 
( E ) :  i5 = 36.8 (q,  1J~l13 = 72 Hz). -- MS (70 eV); wi/r ('XI): 300 (26) 
( M + ) .  299 (17). 255 (100) ( M +  - C,H,O), 186 (24) ( M +  - 
NC.H1O), I69 (35) ( M '  - iPr,P. BH,), 126 (12), 125 (22) (Mi  
- iPr2P.  HH? - C:H,O). 117 (18) (iPr2P+), 84 (6) (CSHloN+), 75 

CliH;,BNIOP (300.23): calcd. C 60.01, H 11.42. N 9.33; found C 
50.98. H 11.25. N 7.65. 

(9) (iPrPH'). 70 (20) (C4H8Nt), 45 (23) (C2H50t). - 

/ + i i 2 S, 2 ' R ,  E j - 1 ( 17 ' - Bo runu t o dipli c.njblph o.splianj.l)prop- 1 - 

l lc]:  2.26 g (10 mmol) hydrazone (S,R)-9c was reacted with 2.87 g 
( I3 mmol) CIPPhz and I .3 nil ( I3  mmol) BH? . SMe? according to 
GP 6. After isomerisation to the (,!?)-form, flash chromatography 
affbt-ded 2.78 g (65%) o f  the major diastereomer of (S,R,E)-llc as 
a colourlcss oil. - [a];; = +85.9 (c = 1.0, CHCI,). - IR (neat): 5 
3078. 3058 (in. C-H ), 2969, 2936, 2879. 2826 (s. CHI. CH?), 

P-Ph). 1346. 1205 (111). 1107 (s, P-Ph), 1065. 740, 696 (s) cm-I. 

~. l i t l~ , / , c ,c~ / l l i /~ (~  1-2- i I '-/1/c,f110.\;\~-1 ' - ~ ~ j / i J ~ l p ~ ~ ~ ~ v l ) ~ J ~ ~ ~ ~ ~ l i ~ ~ i ~ ~ ~ ~  [(S, R, E)- 

2384 (5. B-H), 2347 ), 1586 (C=N), 1482, 1455 (m), 1437 (s, 

- 'H  NMR (300 MHz. CDCI,, TMS): 6 = 0.82, 0.83 (t ,  J =  7.2 
H L .  3 H .  CH;CH,). 1.32 (dd, .'JHp = 15.1 Hz, ' J  = 7.2 Hz, 3H,  
C'HK'HP). 1.38- 1.94 (in. 8H,  NCH2CH2CH2, NCHICH2CH2, 
CH3CH2). 2.54 (111. I H. NCHH). 3.18-3.23 (m, 2 H ,  NCH, 
NCHH). 3.19 (s. 3H,  OCH?). 3.52 (m, l H ,  CH,CHP). 6.36 (dd, 
J = 7.4 Hz, J =  3.7 HL, I H ,  HC=N). 7.33-7.51 (m, 6H, 

7.75 (111. 4H. H,,,,,,,,). - "C NMR (75 MHz, CDCI?, 
8.57. 7.80 (s. C'HjCH,). 13.24 (d, ' J C p  = 2 Hz, 

CH,CHP), 23.65, 24.33 (s, CH3CH2, NCHZCHzCH2), 26.15 (s, 
NCH2CH,CH2), 34.72 (d, I J c p  = 34 Hz, CH'CHP), 50.41 (s, 

128.22, 128.68 (d, 3Jcp = 10 Hz, C,,,,,,,), 129.87 (s, C=N), 130.92, 
131.13 (d, 4Jcp = 3 Hz, C,l,,,,), 133.78, 133.31 (d, 'JCP = 9 Hz, 

- "P NMR (121 MHz, CDC13. H'P04): 6 = 22.1 (q, 
1JI,8 = 64 Hz). - MS (70 eV); ndz (5'n): 424 (3) (M+), 323 (100) 

OCH3), 50.98 (s, NCH2), 68.39 (s, NCH), 80.18 (s, (Et2)CO), 

(M' - Et2COCH3), 310 (lo), 309 (46) (Et2COCH' - BH3), 240 
( I ? ) ,  225 (4) (M+ - Ph2P ' BH?), 185 (7) (PhlP+), 183 (7), 125 
(16), 109 (10) (PhPH+), 101 (14), 70 (14) (C4H8N+), 45 (lo), 41 

found C 71.26, H 9.32, N 6.38. 
(10). - C25H'xBNZOP (424.37): calcd. C 70.76, H 9.03, N 6.60; 

i + ) - (2S,Z'R) -1 -[ ( 2 ' -  Bornnutou'iphen)~lphosphan);l/pvop-l' - 
q'lirl~neumino]-2-nzetlzo..cyniethy~yrvoliu'ine [(S,R)-1 1 b]: a )  1.70 g (10 
mmol) hydrazone ( 9 9 b  was reacted with 3.05 g (1 3 mmol) ClPPh2 
. BH3 according to GP 5, yielding 2.06 g (56%) of (S,R)-llb as a 
colourless oil. 

b) 1.70 g (10 mmol) hydrazone (S)-9b was reacted with 2.87 g 
(13 mmol) C1PPh2 and 1.3 ml (13 mmol) BH3 . SMe2 according to 
GP 6 ,  yielding 1.80 g (49%) of (S,R)-llb as a colourless oil. After 
crystallization of the (2)-configured major diastereomer and pre- 
parative HPLC of the mother liquor, 1.18 g (32%) of diastereomcr- 
ically pure (S,R)-llb was isolated. - m.p. (2) 136"C, [a]% = 

+157.6 ( c  = 1, CHCI?) ( Z ,  de = 98%). - IR (KBr): P 3058 (m, 

(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-I. - 'H  NMR (300 MHz. CDCl3, TMS) 
(Z ) :  6 = 1.31 (dd, ' J H p  = 16.6 Hz, ,J = 7.4 Hz, 3H, CH'CHP), 
1.60-2.15 (m, 4H, NCH2CH2CH2, NCHZCHZCH2), 2.65 (m, 1 H, 
NCHH), 3.13-3.52 (m, 4H, NCH, NCHH, CHZO), 3.35 (s, 3H, 

CH7CHP), 6.93 (dd, 3J = 9.4 Hz, 3JHp = 5.1 Hz, 1 H, HC=N), 
7.37-7.54 (m, 6H,  H,jrc,,6,,p~,ra), 7.68-7.79 (m, 4H,  Hortho). - IH 
NMR (300 MHz, CDCI?, TMS) ( E ) :  6 = 1.30 (dd, 3J14p = 16.2 Hz, 
' J =  7.2 Hz, 3H, CH,CHP), 1.64-1.95 (m, 4H, NCH2CH2CH2, 
NCH2CH2CH2), 2.51 (m, lH ,  NCHH), 3.04-3.46 (m, 4H, NCH, 
NCHH, CH20),  3.30 (s, 3H, OCH'), 3.60 (ddq, 2JFrp = 14.8 Hz, 
3J = 7.4 Hz, ' J  = 7.2 Hz, 1 H, CH'CHP), 6.43 (dd, ,J = 7.4 Hz, 
3JHp = 3.4 Hz, I H, HC=N), 7.33-7.52 (m, 6H,  H ,,,', ,< ,,,,', J, 7.76 
(m, 4H,  H,,r,,o). - I3C NMR (75 MHz, C6D,, TMS) (Z ) :  6 = 14.04 

C-H,,,.,,,, ), 2966, 2923, 2873, 2855, 283 I ,  2809 (s, CH?, CH'), 2373 

OCH?), 3.98 (ddq, ' J H p  = 14.1 Hz, ' J  = 9.4 Hz, 3J = 7.1 Hz, 1 H, 

( s ,  CH,CHP), 23.24 (s, NCH2CX2CH2), 27.34 (s, NCHZCHZCH,), 
30.97 (d. 'Jcp = 34 Hz. CH,CHP), 56.80 (s. NCH?), 59.18 (s, 
OCH,), 67.1 1 (s, NCH), 76.24 (s, CH20),  127.61, 127.94 (d, 'Jcp = 

54 Hz, Co,,(,), 128.60, 128.83 (d, iJcp = 10 Hz, C,,,li,c,), 131.47 (s, 
C,,,,,,), 132.69, 133.80 8d, 'Jcp = 9 Hz, Cori/,rr)r 150.97 (s. C=N).  - 
"C NMR (75 MHz, C,jD6, TMS) (E):  6 = 13.51 (d, 'Jcp = 2 Hz, 
CH,CHP), 22. I3 (s, NCH2CH2CHZ), 26.37 (s, NCH2CHzCH?), 
34.59 (d. 'JCp = 35 Hz, CHICHP), 49.83 (s, NCH?), 59.06 (s, 

10 Hz, C,,,,.,,,), 130.94, 131.14 (d, IJcP = 2 Hz, C,,,,,,,), 131.54 (s, 
OCH?), 63.35 (s, NCH), 76.43 ( s ,  CH20), 128.17, 128.71 (d, 'JCp = 

C=N), 132.61, 133.18 (d, *Jcp = 9 Hz, Co,.,/lo). - "P NMR (202 
MHz, CDCI?, H'PO,) (3: 6 25.0 (9, 'JpH = 63 Hz). - MS (70 
eV); i d :  ('31): 368 (29) (M'), 323 (70) (M+ - C2H,0), 254 (58) 
( M +  - NC,H120), 185 (25) (Ph?P+), 183 (17), 169 (100) (M' - 

PHzP ' BH3), 125 (22) (M+ - PhlP ' BH' - C?H,O), 114 (14) 
(NChHlzO+), 109 (25) (PhPH+), 84 (10) (C5HIONt), 70 (40) 
(CdHgN '), 45 (55) (C~HSO').  - C21H3oBN20P (368.26): calcd. C 
68.49, H 8.21, N 7.61; found C 68.38, H 8.35, N 7.65. 

( + ) - ( 2 S,Z'S, E )  - 1 - [ (2 '  - Boranntodiph enq'lphosp hanpl)prop- I - 
pl i r lener i i i i ino]-2-r~?et l~o~y~ze t l zp~yr~ol~~~n~ [(S,S)-11 b]: 340 mg (1 
mmol) hydrazone (5')-lOa was reacted with 213 mg (1.5 mmol) Me1 
and 0.1 ml (1 mmol) BH3 . SMe2 according to GP 7, yielding 221 
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mg (60'%) of (S,S)-llb as a colourless oil. - [a]?: = +140.4 (c = 

I ,  CHCII). - 'H NMR (300 MHz, CDCI,, TMS) (E): 6 = ca. 1.0 
(q, ' J H B  = 90 Hz, BH,), 1.29 (dd, ' J H p  = 16.2 Hz, ' J  = 7.2 Hz, 
3 H, CH'CHP). 1.65- 1.96 (m, 4H,  NCHZCH2CH2, 
NCH2CH2CH2), 2.76 (m, l H ,  NCHH), 3.07-3.45 (m, 4H, NCH, 

,J = 7.4 Hz, ' J  = 7.2 Hz, 1 H, CH'CHP), 6.38 (dd, ' J  = 7.4 Hz, 
, J H p =  3.6 Hz, IH,  HC=N), 7.36-7.49 (m, 6H, H,,,,.,, ,,,, ,,,,), 7.77 
(m, 4H,  Horrizo). - "C NMR (75 MHz, CDCI,, TMS): 6 = 13.94 
(d, 2Jcp = 2 Hz, CH'CHP), 21.99 (s, NCH,CH2CHZ), 26.76 (s, 
NCH2CHZCH2), 34.42 (d, I J c p  = 35 Hz, CH3CHP), 49.33 (s, 

(d, 'Jcp = 55 Hz, C(,,,J, 128.40, 128.76 (d, ,JCr. = 10 Hz, C,,,,,,), 
130.98, 131.16 (d, 4Jcp = 2 Hz, C,,,,,,), 131.95 (s, C=N), 132.78, 
133.17 (d, 'JC,. = 9 Hz, CorrhO). 

The other analytical data corresponded with those of hydrazonc 

NCHH, CHZO), 3.29 (s, 3H, OCH'), 3.57 (ddq, ? J H p  = 14.8 Hz. 

NCH2), 59.18 (s, OCH'), 62.80 (s, NCH), 74.55 (s, CH20). 128.54 

(S,R)- 11 b. 

(+ ) - l2S ,2 'R) - l - [  (2'-Borantrtodiphenylphosphun~~l) bu t -1 ' -  
ylideneumino]-2-methoxymetlzy1py~rolidine [(S,R)-lld]: a) 1.84 g (10 
mmol) hydrazone (9 -9d  was reacted with 3.05 g ( 1  3 mmol) CIPPh2 
. BH, according to GP 5, yielding 1.53 g (40%) of (S,R)-lld as a 
colourless oil. 

b) 1.84 g (10 mmol) hydrazone (S)-9d was reacted with 2.87 g 
( 1  3 mmol) CIPPhZ and 1.3 ml (13 mmol) BH,. SMe2 according to 
GP 6, yielding 2.56 g (67%) [1.91 g (50%) after purification of the 
major diastereomer] of (S,R)-lld as a colourless oil. - m.p. (Z) 
113"C, [a]$? = +136.2 (c = 1, CHC1,) ( Z ,  de = 98%). - IR (KBr): 
P 3077, 3057, 3024 (m, C-HOIUIII), 2965, 2930, 2873, 2826 (s, CH?, 

1483, 1459 (m), 1437 (s, P-Ph), 1340, 1197 (m), 1107 (s, P-Ph), 
1061, 739, 696 (s) cm-'. - 'H NMR (300 MHz, CDCI?, TMS) 
(Z):  6 = 0.94 (t, ' J  = 7.4 Hz, 3H,  CH3), 1.49 (m, lH ,  CH,CHH), 
1.71 -2.04 (m, SH, NCH2CH2CH2, NCH2CH2CH2, CH'CHH), 
2.70 (m, 1 H, NCHH), 2.76-3.50 (m, 4H, NCH, NCHH, CH,O), 
3.28 (s, 3H, OCH?), 3.92 (m, 1 H, CH3CH2CHP), 6.78 (dd, J = 

9.7 Hz, J = 4.1 Hz, 1 H, HC=N), 7.35-7.55 (m, 6H, H,,,,,,,,,,,,), 
7.69-7.85 (m, 4H, Ho,.rho). - 'H NMR (300 MHz, CDCl,, TMS) 
( E ) :  F = 0.94 (t, ' J =  7.4 Hz, 3H, CH3), 1.50-1.95 (m, 6H, 
NCH2CH2CH2, NCH2CH2CH2. CH3CH2). 2.48 (m, 1 H, NCHH), 
3.01-3.48 (m, SH, NCH, NCHH, CH20, CH3CH2CHP), 3.31 (s, 

HC=N), 7.29-7.48 (m, 6H, H,7rc~l~,,,l~~,.J, 7.69-7.85 (m, 4H, H,,,-,d 

CH'), 2383 (s, B-H), 2347 (sh), 1626 (C-CorvIII), 1587 (C=N), 

3H,  OCH,), 6.36 (dd, J =  7.8 Hz, J =  7.8 Hz, J =  3.8 Hz, 1H. 

NMR (75 MHz, CDCII, TMS) (Z) :  6 = 13.33 (d, 3Jcp = 11 - 

Hz, CH,), 21.94 (d, 2JCp = 2 Hz, CH,CH?), 23.25 (s, 
NCH~CHZCH?), 27.26 (s. NCHZCH~CH~) ,  38.00 (d, 'Jcp = 31 Hz, 
CH'CHzCHP), 55.71 (s, NCHJ, 59.03 (s, OCH?), 66.87 (s, NCH), 
75.88 (s, CH20), 128.46, 128.86 (d, 'Jcp = 10 Hz, C,,,,,,,), 131.30, 
131.46 (d, 4Jcp = 2 Hz, C,,,,,,), 132.76, 133.12 (d, ' Jcp  = 9 Hz, 
Co,.f/,o), 148.02 (s, C=N).  - "C NMR (75 MHz, CDCI', TMS) (E): 
6 = 13.51 (d, 'Jc,. = 13 Hz, CH?), 21.92 (d, ' J C P  = 3 Hz, 

42.36 (d, lJcp = 35 Hz, CH3CH2CHP), 50.61 (s, NCHJ, 59.72 (s, 

10 Hz, C,,,,,,,), 131.48. 131.78 (d, 4Jcp = 2 Hz, C,,<,,,,), 132.47 (s. 

CH3CH2), 22.75 (s, NCH?CH2CH2), 26.9 I (s, NCH?CH2CH2), 

OCH,), 64.02 (s, NCH), 75.04 ( s .  CH?O), 128.73, 129.36 (d, ' J cp  = 

C=N), 133.16, 133.76 (d, 'Jcp = 9 Hz, C,,,-l/lo). - "P NMR (202 
MHz, CDCI?, H3P04) (2): 6 = 23.3 (q, ' J p n  = 61 Hz). - MS (70 
eV); mlz (%I): 382 (39) (m*), 381 (20), 338 (21), 337 (89) (M+ - 
C?H,O), 268 (25) (M+ - NC6H1?0), 212 (12). 185 (31) (Ph?P+), 
183 (100) (M+ - Ph2P. BHI). 151 (14), 141 (12), 139 (17) (M+ - 
Ph2P . BH, - C2H,O), 126 (20). 114 (27) (NChH120f). 109 (17) 
(PhPH+), 108 (14), 84 (21) (CSHloN+), 70 (87) ( C I H ~ N ~ ) ,  5 5  (34). 
- Cz2HI2BN20P (382.29): calcd. C 69.12, H 8.44, N 7.33; found 
C 69.46, H 8.61, N 7.03. 

(+) - (2S,2'S, E )  - I - [  ( 2 ' -  Boruncrtodiphenylplio.~~~~~ciii~~l) hut-1'-  
y l i c ~ ~ ~ n e u ~ ~ i i r i o / - 2 - i n e t h ~ ~ , ~ ~ ~ i e t ~ ~ y ~ y ~ ~ o l i d i n e  [(S,S)-ll d]: 340 mg ( 1 
mmol) hydrazone (9-10 was reacted with 234 mg ( I  .5 mmol) Etl 
and 0.1 ml ( 1  mmol) BH3 . SMe2 according to GP 7, yielding 241 
mg (63%) of hydrazone (S,S,E)-lld as a colourless oil. - [a]g = 

6 =  0.93 (t, , J= 7.4 Hz, 3H, CH'), 1.50-1.95 (m, 6H. 
NCH2CH,CH2, NCH2CH2CH2, CH3CH2), 2.78 (m, 1 H, NCHH), 
3.01-3.48 (m, SH, NCH, NCHH, CH20, CH3CH,CHP), 3.27 (s. 

7.32-7.52 (m, 6 H ,  H,,,c~ft,,,l<,rJ, 7.69-7.83 (m, 4H,  H,,rrho). - "C 
NMR (75 MHz. CDCI?, TMS) (E): 6 = 12.81 (d, ' J c P  = 13 Hz, 

26.76 (s. NCH2CH2CH2). 41.53 (d, lJcp = 35 Hz, CH3CH2CHP), 

128.31, 128.76 (d, '.Iep = 10 Hz. C ,,,', ,,,), 131.86, 131.11 (d, 4Jcp = 

2 Hz, C,,, ,) ,  132.16 (s, C=N), 133.65, 133.16 (d, 'Jcl. = 9 Hz, 
Coirlio). - "P NMR (202 MHz, CDCI,, H,PO,): 6 = 19.5 (s, br.). 

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

( + ) - (2S,2'R) -1 -[ (2'- Borana~otliphenylphospliunyl~pent- I - 

ylidenent~iino~-2-metho.~ynietli~lpy~~olirline [(S,R)-lle]: a) 1.96 g (10 
mmol) hydrazone (S)-9e was reacted with 3.05 g ( 1  3 mmol) ClPPh2 
. BH' according to GP 5, yielding 1.58 g (40%)) of (S,R)-lle as a 
colourless oil. 

b) 1.96 g (10 mmol) hydra~one ( q - 9 e  was reacted with 2.87 g 
( 1  3 mmol) CIPPhz and 1.3 ml ( 1  3 mmol) BH, . SMe, according to 
GP 6. yielding 2.73 g (69%) of (S,R)-I l e  as a colourless oil. After 
crystallization of the (2)-configured major diastereomer and pre- 
parative HPLC of the mother liquor, 2.38 g (60%) of diastereomer- 
ically pure (S,R)-lle was isolated. - m.p. ( Z )  79"C, [a]:: = + 114.1 
(C = 1, CHCI?) (Z, de = 98%). - IR (neat): P 3078, 3057, 3024 (in, 

2349 (sh), 1587 (C=N), 1483, 1461 (m), 1437 (s, P-Ph), 1341, 1197 
(m), 1108 (s, P-Ph), 1061, 739, 695 (s) cm-I. - 'H  NMR (300 
MHz, CDCl,, TMS) (Z): 6 = 0.84 (t, ' J =  7.3 Hz, 3H, CH3), 
1.19-2.01 (m, 8 H, CH3CH2, CH3CHZCH,, NCH2CH2CHI, 
NCH2CH,CH2), 2.70 (m, 1 H, NCHH), 2.77,2.99 (m, 1 H, CH20), 
3.20 (m, IH,  NCHH), 3.27 (s, 3 H ,  OCH,), 3.37 (m, 1 H, NCH), 
4.04 (m. 1 H, CH,CH,CH,CHP), 6.79 (dd. J = 9.5 Hz, J = 3.9 Hz, 
l H ,  HC=N), 7.34-7.54 (m. 6H, H,,,,,, ,,,, ,,,,,), 7.68-7.86 (m, 

0.84 (t, ' J  = 7.0 Hz. 3H, CH3), 1.20-1.97 (m, 8H, CH3CH2, 
CH3CH2CH2, NCH2CH2CH2, NCH,CH,CH2), 2.47 (m, 1 H, 
NCHH), 2.97-3.53 (m, SH, CH20, NCHH, NCH. 

3.5 Hz, 1 H, HC=N). 7.31-7.50 (m. 6H, H,,,,,, ,,,,', ,,,), 7.69-7.84 (m, 

+ 114.1 (C = 1, CHCI,). - 'H  NMR (300 MHz, CDCI?, TMS) (E) :  

3H, OCH?), 6.30 (dd, J =  8.0 Hz, J =  3.7 Hz, l H ,  HC=N), 

CHI), 21.21 (d, 'Jcp = 3 Hz. CH?CH?), 21.95 (s, NCH,CH,CH,), 

49.53 (s, NCH?), 59.15 (s. OCHj), 62.73 (s, NCH), 74.57 (s, CHZO), 

C-H,,,,,,), 2959, 2931, 2872, 2826 (s, CH2, CH3), 2384 (s, B-H), 

4H,  Ho,-t/zo). - 'H  NMR (300 MHz, CDCI?, TMS) ( E ) :  6 = 

CHICH~CH~CHP) ,  3.33 (s, 3 H, OCH,), 6.36 (dd, J = 7.8 Hz. J = 

4H, H,,,-,/,,,). - I3C NMR (75 MHz, CDCI?, TMS) ( Z ) :  6 = 14.1 1 
(s, CH,), 21.93 (d, ' Jcp  = 10 Hz, CH'CH,), 23.23 (s, 
NCH~CHZCH?), 27.19 (s. NCH?CH?CHI), 30.80 (d, ? J C p  = 2 Hz. 
CH?CH,CH,), 36.68 (d, ' J c p  = 32 Hz, CH'CH?CH?CHP), 55.53 
(s, NCH?), 58.99 (s, OCH?), 66.88 (s, NCH). 75.80 ( s .  CH20). 
127.93, 128.16 (d, ' J c p  = 54 Hz; C, ,,,,, ), 128.41, 128.85 (d. 7JcP = 

10 Hz, C,,,,,,,), 131.26, 131.48 (d, 'Jcp = 2 Hz, C,,,,,,,), 132.75, 133.07 
(d, ' J c p  = 9 Hz, Cc,Jl/rc,), 147.91 (s, C=N).  - I3C NMR (75 MHz, 
CDCI'. TMS) ( E ) :  6 = 13.61 (s, CH'), 21.27 (d, ' J C , p  = 12 Hz, 
CH~CHI),  23.19 (s, NCH?CH?CH?), 26.35 ( s ,  NCHZCHZCHZ), 
29.83 (d. ' J c p  = 3 Hz. CH'CH?CH?), 39.83 (d. ' J c p  = 35 Hz. 
CHjCH2CHP). 50.10 (s, NCH?), 59.16 ( s ,  OCH'), 63.50 (s. NCH). 
74.54 (s, CH20), 128.14, 128.78 (d, ?JcP = 10 Hz. C,,,,.,,,), 130.88. 
131.21 (d, 'Jcp = 2 Hz, C,,,,,,,). 132.31 (s, C=N). 132.75, 133.07 (d. 
'Jcp = 9 Hz, Cc,,l/z,j). - NMR (202 MHz. CDC13. H3P04) ( Z ) :  
6 = 23.0 (9. 'JpH = 64 Hz). - MS (70 eV); nil: ( I % , ) :  396 (56) (M+) .  
395 (21), 352 (23), 351 (97) (M' - ClHSO), 282 (24) (M' - 
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NC,HIZO), 212 (8), 198 (20), 197 (100) (Mt - Ph2P . BH?), 185 
(27) (Ph-P' ). 183 (26), 153 (14) (M+ - PhzP. BH3 - CZHdO), 151 
(14). 141 (12), 126 (19). 123 (16), 114 (23) (NC6H12Ot), 109 ( 1 1 )  
(PhPH+), 108 (12), 84 (25) (CSHloN+), 70 (72) (C4HgN+), 5 5  (24). 
- C~IHIJBNIOP (382.29): calcd. C 69.71, H 8.65, N 7.07; found 
C 69.51. H 8.84, N 7.30. 

i - 1 - 1-7 R,.?'S)-I-[ (2'-Bornnuti1orAipli~~nplpkosphuiz~l)pent-l I -  

~~litk~~r~c~tiririr~ol-2-iiretlio.\-l~i~iefl~j~lp~rroliiline [(R,S)-I 1 el: 1.96 g (10 
mmol) hydrazone ( R ) - 9 e  was reacted with 2.87 g (13 mmol) CIPPh, 
and 1.3 ml ( I  3 mmol) BH? . SMe, according to GP 6, yielding 2.63 
g (66%) of ( R , S ) - l l e  a s  a colourless oil. After crystallization of the 
(%)-configured major diastereomer and preparative HPLC of the 
mother liquor? 2.35 g (59'%,) of diastereomerically pure (R,S)-76e 
was isolated. - [a]$ = - 112.2 (c = I ,  CHC13) (2, de = 98'Xl). 

The other analytical data corresponded with those of hydrazone 
(S ,R)- l le .  

i + ) - i Z S . 2 ' S )  - I -[ i 2 ' - B o r i i n u t o t l i ~ ~ l i ~ n ~ ~ l p l i o s p h u n ~ ~ l ) p ~ t i t - l ~ -  
~.liclc,rfrtirIfbfo]-~-irirf/fi~.\-~.rriethY/pj~rrOlidine [(S,S)-le]: 340 mg ( 1  
nimol) hydrarone ( S - I 0  was reacted with 255 mg (1.5 mmol) nPrl 
and 0.1 nil (I mniol) BH, . SMe2 according to GP 7, yielding 245 
mg (h2'%1) of hydrazone ( S S - l l e  as a colourless oil. After prepara- 
tive HPLC, 206 mg (52%) of diastereomerically pure (S,S)-l le was 
iaolatcd. - [a]R = +173.4 (c .  = 1.1, CHC13) (2). - 'H NMR (300 
MHz. CDCI,. TMS) (Z): 6 = 0.85 (t, J = 7.3 Hz, 3H, CH?), 
I. 19- 1.92 (111. 8 H, CHICHI, CHjCH2CH2, NCH2CHICH2, 
NCH,CH2CH2), 2.37 (m, I H ,  NCHH), 3.16-3.39 (m, 4H, 
NCHH.  CH20, NCH), 3.32 (s, 3H, OCH3), 4.19 (m, 1 H, 

HC=N), 7.30-7.90 (in, 10H, Hc,,.c,,,z). - 'H NMR (300 MHz, 
C'H,CH,CH2CHIJ), 7.14 (dd, J = 9.1 Hz, J =  3.3 Hz, 1 H, 

CDCI,, TMS) ( E ) :  6 = 0.83 (1. J =  7.0 Hz, 3H, CHj), 1.20-1.95 
(111.8 H. CH3CHI. CHICH2CHl. NCH2CHlCH2, NCHZCHZCHZ), 
2.76 (111. 1 H. NCHH). 3.00-3.53 (m, 5H, CH20, NCHH, NCH, 

3.5 Hz. 1 H. HC=N), 7.31-7.52 (m, 6 H ,  H,,,,,, ,,/, ,,,,), 7.69-7.84 (m, 
CHICH~CH~CHI'), 3.27 ( s ,  3H, OCH3), 6.32 (dd, J =  7.8 Hz, J = 

4 H .  H(j),,>f,). - "C NMR (75 MHz, CDCI?, TMS) (Z ) :  6 = 13.92 
(s. CH:), 21.20 (d,  'Jcp = 12 Hz, CH3CH2), 22.67 (s, 
NCH2C'HZCHl). 26.57 (s. N C H Z C H ~ C H ~ ) ,  31 .OO (s, CH,CH,CHL), 
36.46 (d. ' J c . p  = 33 Hz. CHICH,CH2CHP), 54.88 (s, NCH?), 58.97 
(s. OCH,), 56.92 (s. N C H ) ,  75.32 (s, CH,O), 126.13 (d, lJc-p = 55 

). 128.49. 129.08 (d. 'Jcl, = 10 Hz, C,,,,,,,), 131.25, 131.89 
= 2 Hz, C,,,,,,,), 132.79, 133.23 (d, ' J c p =  9 Hz, Co,,/,o), 

152.87 ( 5 .  C=N).  - "C NMR (75 MHz, CDCI3, TMS) (E): 6 = 

NCH2C'HZCH2), 26.75 (s. NCH,CH,CH,), 29.76 (d, 'JcP = 3 Hz, 
13.66 (s, CHI) ,  21.15 (d, 'JCp = 12 Hz, CH3CH2), 21.94 (s, 

CHICH,C'H?). 39.55 (d.111 'Jcp = 34 Hz, CH,CH?CHICHP), 49.51 
(s, ILCH?). 59.12 (s. OCH?), 52.70 (s, NCH), 74.54 (s, CHIO), 
128.30. 128.74 (d. 'Jc-p = 10 Hz, C,,,,,,,). 130.84, 131.15 (d, 4 J c p  = 2 
Hr. C,,,,,,,). 132.58 (s. C=N) ,  132.66, 133.17 (d, 'Jep = 9 Hz, Car.,/,,,). 

The othcr analytical data corresponded with those of (S ,R)- l le .  

( + ) - (3S,-7' R )  - I  -[ (17'- Boririiatodip1~c~ny(plzospliur~j~l) 1~e.x-1 ' -  
i~/ i t l~~rzc~trr i i ir io]-17- , I ICr/~~~.x~~ii~c~~li~~lp~~r~o/ irAi iz~~ [(S,R)-1 If]: a) 2.10 g (1  0 
ininol) 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)- l le  as a 
colourless oil. 

b) 2.10 g (10 mmol) hydrazone (S)-9f was reacted with 2.87 g 
( I3 mmol) CIPPh, and I .3 nil ( 1  3 mmol) BH3 SMe2 according to 
GP 6 ,  yielding 2.83 g (69'%1) of (S,R)-lle as a colourless oil. After 
cryatalliration of the (Z)-configured major diastereomer and pre- 
parative HPLC of the mother liquor, 2.26 g ( 5 5 % )  of diastereomer- 
icallq pure (S.R)-llfwas isolated. - m.p. (Z )  89"C, [a12 = t121.7 
( 1 ,  = 1, C'HCI,) (Z .  de = 98%). - IR (neat): C 3078, 3057 (m, 

). 2956. 2928. 2871 (s, CHI, CH3), 2386 (s, B-H), 2350 

(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, 

(m, IOH, CH3CH2, CH3CH2CH2, CH3CH2CH2CH2, 
NCH~CHZCH?, NCH~CHICH~) ,  2.70 (m, 1 H, NCHH), 2.77,2.97 
(m, 1 H, CH20), 3.20 (m, 1 H, NCHH), 3.28 (s, 3 H, OCH3), 3.37 
(m, l H ,  NCH), 3.99 (m. IH,  CH3CH2CH2CH2CHP), 6.78 (dd, 
J =  9.6 Hz, I =  3.8 Hz, 1 H, HC=N), 7.35-7.57 (m, 6H, 
H,,,,, ,,/, ,,,,), 7.67-7.87 (m, 4H, H,,,.tl,u). - 'H  NMR (300 MHz, 

(m, 10 H, CH3CH2, CH3CH2CHZ, CH3CH2CH2CH2, 
NCH2CH2CH2, NCH2CH2CH2), 2.47 (m, 1 H, NCHH), 3.02 (m, 
lH ,  CH3CH2CH2CHP), 3.19-3.52 (m, 4H,  CH,O, NCHH, 

HC=N), 7.32-7.52 (m, 6H,  H,rrprn,poro), 7.64-7.84 (m, 4H,  Hortho). 

CDC13, TMS) (Z): 6 = 0.80 (t, 3 J =  7.0 Hz, 3H, CH3), 1.11-2.04 

CDC13. TMS) ( E ) :  6 = 0.81 (t, 3J = 7.1 Hz, 3 H, CH3), 1.10- 1.95 

NCH), 3.34 (s, 3H, OCH3), 6.37 (dd, J =  8.0 Hz, J =  3.6 Hz, lH,  

- 13C NMR (75 MHz, C6D6, TMS) (Z):  6 = 13.74 (s, CH?), 22.67 
(s, CH,CH,), 23.26 (s, NCH2CHICHI). 27.23 (s, NCH>CHZCHZ), 
28.42 (d, 2Jcp= 2 Hz, Ch3CH,CH2CH2), 30.7.5 (d, ' J c p =  10 
Hz, CH~CH~CH~CHZCHP) .  36.76 (d, 'Jcp = 32 Hz, 
CHICH~CH~CH~CHP) ,  55.52 (s, NCH2), 59.02 (s, OCH3), 
66.85 (s, NCH), 75.84 (s, CH,O), 128.44, 128.85 (d, 3Jcp = 
10 Hz, C,,l(.,,,), 131.27, 131.46 (d, 4Jep = 2 Hz, C,,,), 132.79, 
133.13 (d, 'JCp = 9 Hz, Cor,h,,), 148.07 (s, C=N). - 13C NMR 
(75 MHz, C6D6, TMS) ( E ) :  6 = 13.83 (s, CH?), 22.16, 22.21 
(s, CH3CH2, NCH~CHICH~),  26.27 (s, NCH2CHzCH2), 27.45 
(d, 'Jcp= 2 Hz, CH3CH2CH2CH2), 30.23 (d, 3Jcp = 12 
Hz, CHjCHICH2CH2CHP), 39.98 (d, ' J c p  = 35 Hz, 
CH~CH~CHICH~CHP) .  50.15 (s, NCHZ), 59.18 (s, OCH3), 63.56 
(s, NCH), 74.48 (s, CHIO), 128.13, 128.79 (d, 3Jcp = 10 Hz, C,),prc,), 
130.87, 131.20 (d, 4Jcp = 2 Hz, Cparr,). 132.52 (s, C=N), 132.61, 
133.20 (d, 'Jcp = 9 Hz, Carl/,,>). - 3'P NMR (202 MHz, CDC13, 
H3P04) (Z):  6 = 23.2 (s, br.). ~~ MS (70 eV); i nk  ('34): 410 (35) 
(M+), 409 (16), 366 (19), 365 (100) (M+ - C,H,O), 296 (31) (M+ 
- NChH120). 212 (27), 211 (100) (M+ - PhIP ' BH3), 185 (25) 
(Ph2P+), 183 (24) 167 (14) (M+ - Ph?P.  BHI - C2H40), 165 (9), 
141 ( I I ) ,  126 (15), 123 ( IS) ,  114 (23) (NC6HlrOf), 109 (10) 
(PhPHf), 108 (12), 84 (18) (CsHloN+), 70 (61) (C4H,N~'), 5 5  (30). 
- C2,H3,BN20P (410.34): calcd. C 70.25, H 8.84, N 6.83; found 
C 70.61, H 8.82, N 7.08. 

( + ) - (ZS.Z'S)-I  - ( ( 2 ' - B o r u n n t o d i ~ ~ i i e n ~ ~ ~ ~ l i ~ ~ . ~ p h u n ~ ~ l )  hex- 1 ' -  
)~lidenerrmino]-2-metho.~y~nethy~~rroIidine [(S,S)-I If]: 340 mg (1 
mmol) hydrazone (S)-10 was reacted with 276 mg (1 .5 mmol) nBuI 
and 0.1 ml ( 1  mmol) BH3 . SMe2 according to GP 7, yielding 
254 mg (62%) of hydrazone (S,S)-llf as a colourless oil. - [a]% 

TMS) (0: 6 = 0.80 (t, J = 7.1 Hz, 3H, CH?), 1.00-1.95 (m. IOH, 

NCH2CH2CH2), 2.76 (m, IH,  NCHH), 2.99-3.52 (m, SH, 

( E )  = +96.3 (C = I ,  CHCl?). ~~ 'H  NMR (300 MHz, CDC13, 

CH3CH2, C H ~ C H ~ C H Z ,  CH3CHICH2CH2, NCHzCHZCH2, 

CH?CH~CHZCHICHP, CH20, NCHH, NCH), 3.27 (s, 3H, 
OCH?), 6.32 (dd, J =  8.0 Hz, J 3.4 Hz, 1 H, HC=N), 7.30-7.52 
(m. 6H, H,,,p,o,/lom), 7.68-7.82 (m, 4H, H,,y,/J. - "C NMR 
(75 MHz, CDC13, TMS): 6 = 13.82 (s, CH3), 21.94, 22.18 
(s, CH3CH2, NCH~CH~CHI) ,  26.77 (s, NCH2CH2CH2), 27.3.5 
(d, ?Jcp = 3 Hz, CH3CH2CH2CH,), 30.16 (d, ' Jcp  = 12 
Hz, C H ~ C H ~ C H ~ C H Z C H P ) ,  39.76 (d, IJcp = 35 Hz, 
CH3CH2CH2CH2CHP), 49.55 (s, NCH?), 59.13 (s, OCH3), 62.70 
(s, NCH), 74.54 (s, CH20), 128.30, 128.74 (d, ' Jcp  = 10 Hz, C,,,, ,,', ), 
130.86, 131.13 (d, 4Jcp= 2 Hz, C,l,,,,,). 132.59 ( s ,  C=N),  132.70, 
133.19 (d, :Jcp = 9 Hz, Ci,rr/20). - "P NMR (202 MHz, CDClI, 
H'PO,) (0: 6 = 19.7 (s, br.). 

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

( + ) - (2S,2' R)  -1 -[ ( 2 ' -  Boranatodip /~enplp /osp l iu i i~ l~  liept-I I -  

~l i rAei ieur~~io]-2- i~~et l io~~~t i1 t~ th~lpp~rol id~ni~  [(S,R)-llg]: a) 2.26 g (10 
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mmol) hydrazone (S)-Yg was reacted with 3.05 g ( I  3 mmol) ClPPh2 

BH3 according to GP 5 ,  yielding 1.74 g (41%) of (S ,R) - l lg  as a 
colourless oil. 

b) 2.26 g (10 mmol) hydrazone ( 9 - 9 g  was reacted with 2.87 g 
(1 3 mmol) ClPPh2 and 1.3 ml (1 3 mmol) BH3 . SMe2 according to 
GP 6, yielding 2.96 g (70%) of (S ,R) - l lg  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) - l lg  was isolated. ~ m.p. (Z) 9 2 T ,  [a]g = + 125.9 
(c  = 1, CHC13) (Z, de = 98%)). - IR (KBr): P 3078, 3057 (m, 

(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, 

(m, 12 H, CH3CH2, CH3CH2CH2, CH3CH2CH2CH2, 
CH3CH2CH2CH2CH2, NCH2CH2CH-,, NCH2CH2CH2), 2.70 (m, 
1 H, NCHH), 2.77, 2.99 (m, 1 H, CH20), 3.1 9 (m, 1 H, NCHH), 
3.28 (s, 3H, OCH,), 3.37 (m, 1 H, NCH), 4.00 (m, lH ,  

HC=N), 7.35-7.55 (m, 6H, H,nrru,purr,), 7.67-7.85 (m, 4H, HorrAo). 

Hz, 3H, CH3), 1.10-1.95 (m, 12H, CH3CH2, CH3CH2CH2, 

NCH2CH2CH2), 2.47 (m, lH ,  NCHH), 3.02 (m, IH,  CHP), 
3.18-3.52 (m, 4H, CH20, NCHH, NCH), 3.34 (s, 3H, OCH3), 
6.36 (dd, J =  8.0 Hz, J =  3.6 Hz, lH, HC=N), 7.32-7.52 (m, 
6H, H,pzerLz,,,ar,), 7.68-7.86 (m, 4H, Hortho). - 13C NMR (75 MHz, 

C-H,,.c,w,), 2955, 2928, 2870 (s, CH2, CH,), 2386 (s, B-H), 2350 

CDCI?, TMS) (Z):  F = 0.80 (t, ' J =  6.3 Hz, 3H, CH3), 1.15-2.05 

CH3CH2CH2CH2CH2CHP), 6.79 (dd, J = 9.5 Hz, J = 4.0 Hz, 1 H, 

- 'H NMR (300 MHz, CDC13, TMS) (9: 6 = 0.82 (t, 3 J =  6.7 

CH3CHzCH2CH2, CH3CHZCH2CH2CH2, NCH-,CH2CH2, 

CDCl3, TMS) (2): 6 = 13.93 (s, CH3), 22.29 (s, CH3CH2), 23.25 
(s, NCH-,CH2CHz), 27.23 (s, NCHZCH2CH2), 28.28 (d, 3Jcp = 10 
Hz, CHZ), 28.63 (d, 'Jcp = 2 Hz, CH2), 31.69 (s, CH3CH2CH2), 
36.76 (d, 'Jcp = 32 Hz, CHP), 55.52 (s, NCH2), 59.02 (s, OCH3), 
66.85 (s, NCH), 75.84 (s, CH20), 128.42, 128.84 (d, 3Jcp = 10 Hz, 
C,,,,,), 131.27, 131.47 (d, 4Jcp = 2 Hz, C,,,), 132.77, 133.10 (d, 
'Jcp = 9 Hz, Corrjto), 148.13 (s. C=N). - I3C NMR (75 MHz, 
CDC13, TMS) (9: 6 = 13.98 (s, CH3), 22.20, 22.41 (s, CH3CH2, 
NCH2CH2CH2), 26.28 (s, NCH2CH2CH2), 27.69, 31.24 (s, CH2), 
27.78 (d, 3Jcp = 9 Hz, CH2), 40.00 (d, 'Jcp = 35 Hz, CHP), 50.15 
(s, NCHZ), 59.18 (s, OCH3), 63.55 (s, NCH), 74.80 (s, CHZO), 
128.13, 128.77 (d, 3Jcp = 10 Hz, C,,,,,), 128.73 (d, 'Jcp = 5 5  Hz, 
Clpau), 130.86, 131.19 (d, 4Jcp = 2 Hz, C,,,,,), 132.47 (s, C=N), 
132.62, 133.22 (d, 2 J c p  = 8 Hz, Curr/,o). - ,'P NMR (202 MHz, 
CDC13, H,Po4) (2): 6 = 23.0 (d, 'JpB = 50 Hz). - MS (70 eV): 
mlz (%): 424 (31) (M+), 423 (15), 380 (19), 379 (100) (M+ - 
C,H,O), 310 (32) (M+ ~ NCbH120). 226 (21), 225 (100) (M+ - 
Ph2P ' BH3), 185 (23) (PH,P'), 183 (21), 181 (11) (M' - Ph2P 
BH, - C2H40), 179 (6), 141 (8), 126 (12), 123 (12), 114 (18) 
(NC6H120t), 109 (8), I08 (8) (PhPH+), 84 (13) (C5HloNt), 70 (48) 
(C4H8Nt), 55 (21). - C25H38BN20P (424.37): calcd. C 70.76, H 
9.03, N 6.60: found C 70.49, H 9.32, N 6.63. 

( + ) - ( 2 S , 2 ' R ) - I - (  (2'-Borunatodiphenylphosphunyl)dec-i'- 
ylideneaniino]-2-methoxyrnethylpyrrolidine [ (S ,R)- l lh] :  a) 2.68 g (1 0 
mmol) hydrazone (S)-9h was reacted with 3.05 g ( 1  3 mmol) C1PPh2 

BH3 according to GP 5, yielding 1.77 g (38%) of (S ,R) - l lh  as a 
colourless oil. 

b) 2.68 g (10 mmol) hydrazone ( 9 - Y h  was rected with 2.87 g (13 
mmol) ClPPh2 and 1.3 ml (13 mmol) BH3 . SMe2 according to 
GP 6, yielding 3.08 g (66%) of (S ,R) - l lh  as a colourless oil. After 
crystallization of the (2)-configured major diastereomer, 2.01 g 
(45%) of diastereomerically pure (S ,R) - l lh  was isolated. - m.p. 
(Z) 66°C. [a]g = + 110.8 (c = I ,  CHCI?) (Z, de = 98%). - IR 
(neat): D 3078, 3058 (m, C-H,,,, ,),  2926, 2855 (s, CH2. CH3), 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 

(300 MHz, CDC13, TMS) (Z): 6 = 0.86 (t, J = 6.9 Hz, 3H, CH3), 
1.08-2.05 (m, 18H, CH2), 2.69 (m, l H ,  NCHH), 2.77, 2.99 (m, 
1 H, CH20), 3.20 (m, 1 H, NCHH), 3.28 (s, 3H, OCH3), 3.37 (m, 
1 H, NCH), 4.00 (m, 1 H, CHP), 6.79 (dd, J = 9.6 Hz, J = 4.1 Hz, 
IH,  HC=N), 7.35-7.56 (m, 6H,  H,,,ef',,l,,ru), 7.68-7.86 (m, 4H,  

3 J =  6.7 Hz, 3H, CH3), 1.14-1.92 (m, 18H, CH2), 2.47 (m, l H ,  
NCHH), 3.03 (m, lH ,  CHP), 3.19-3.51 (m, 4H,  CH20, NCHH, 

HC=N), 7.31-7.50 (m, 6H, H,,,efu,prrrtr), 7.70-7.84 (m, 4H, HorrhO). 

Hurr/zo). - 'H NMR (300 MHz, CDCI?, TMS) (m: 6 = 0.86 (t, 

NCH), 3.28 (s, 3H, OCH3), 6.35 (dd, J =  7.9 Hz, J =  3.5 Hz, l H ,  

- 13C NMR (75 MHz, C6D6, TMS) (Z): 6 = 14.08 (s, CH3), 22.60 
(s, CH2), 23.25 (s, NCH2CH2CH2), 27.23 (s, NCH-,CH2CH2), 
28.55, 28.68, 29.12, 29.18, 29.54, 31.74 (CH,), 36.75 (d, 'Jcp = 31 

(s, CH?O), 128.43, 128.84 (d, 3Jcp = 10 Hz, C,,,,,), 131.26, 131.45 
Hz, CHP), 55.53 (s, NCHZ), 59.02 (s, OCH,), 66.85 (s, NCH), 75.84 

(d, 4 J c p  = 2 Hz, C,,,), 132.77, 133.11 (d, 2Jcp  = 9 Hz, Cortj,o), 
148.15 (s, C=N). - ',C NMR (75 MHz, CDCII, TMS) ( E ) :  6 = 

14.85 (s, CH3), 22.20, 22.63 (s, CH2, NCH~CH~CH~I, 26.32 (s, 
NCH2CH2CH2), 27.72 (d, 'JCp = 3 Hz, CH2), 28.08 (d, 3Jcp = 12 
Hz, CH2), 29.04, 29.18, 29.30, 31.81 (CH2), 40.01 (d, lJcP = 35 

(s, CH2O), 128.14, 128.77 (d, 3Jcp  = 10 Hz, C,),efu), 130.86, 131.18 
(d, 4Jcp = 2 Hz, CPay,), 132.45 (s, C=N), 132.66, 133.23 (d, 'Jcp = 
8 Hz, Corrh,,). - 3'P NMR (202 MHz, CDC13, H3P04) (Z): 6 = 
23.1 (s, br.). - MS (70 eV): mlr ('YO): 466 (51) (M+), 465 (21), 422 

Hz, CHP), 50.12 (s, NCHZ), 59.17 (s, OCH,), 63.54 (s, NCH). 74.52 

(28), 421 (94) (M+ - CZH~O),  352 (29) (M+ - NC~HIZO), 267 
(100) (M+ - Ph2P ' BH3), 226 (8), 223 (15) (M+ - Ph2P ' BH3 - 
C2H4O), 185 (36) (Ph2Pf), 183 (31), 154 (lo), 141 (18), 126 (23), 
123 (17), 114 (32) (NC6H120+), 109 (13), 108 (18) (PhPH+), 84 (28) 
(C.jHIoN+), 70 (94) (CdHgN'), 55 (38). - C28H44BN20P (466.45): 
calcd. C 72.10, H 9.51, N 6.01; found C 71.70, H 9.83, N 6.50. 

[ S )  -1  - (tert-Butyldimethylsilyloxy) -2- (rnethylsulfony1)propune [(S)- 
151: 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 
NH4CI solution, extracted with ether, dried (MgS04) and concen- 
trated in vaco. To a solution of the product in 30 ml CH2C12 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 (MgS04) and concentrated in vacuo. Upon col- 
umn chromatography (SO2, etherln-pentane, 1 :lo) 4.66 g (58'Yn) of 
(S)-15 was isolated as a colourless liquid. - [a]g = +5.2 (c = 1.1,  
CHCl3). - IR (neat): D 3027 (m, C-H,,,,,), 2955, 2932, 2886, 2858 
(a CH3), 1473, 1464 (m), 1358, 1256, 1179, 1109 (s), 839, 780 cm-'. 

SiCH3), 0.91 (s, 9H, tBu), 1.37 (d, J = 6.3 Hz, 3 H, H3CCHOS), 
3.03 (s, 3H, H3CS), 3.68 (m, 2H, CH20), 4.74 (m, IH,  

-5.42 (SiCH3), 17.62 (H,CCHOS), 25.84 (tBu), 38.35 (H3CS), 
66.00 (H2COSi), 80.48 (H3CCHOS). - MS (70 eV); in/= (YO): 155 
(8) 153 (100) (M+ - fBuMe2Si), 89 (9), 75 (22), 73 (IS), 59 (lo), 
41 (10). - C10H2404SSi (268.35): calcd. C 44.74, H 9.01; found C 
44.75, H 9.20. 

( R )  -2-Borunatodiphenglphosphanyl-i- (tert-butyldirnethyl- 
sily1osy)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) BH3 . SMe2 was added at 0°C. After 10 min., the 
reaction mixture was quenched with NH4C1 solution, extracted 
with ether, dried (MgS04) and concentrated in vacuo. Upon col- 
umn chromatography (SiO,, etherln-pentane, 1 :lo), 290 mg (79%) 

- 'H NMR (300 MHz, CDC13, TMS): F = 0.08, 0.09 (s, 3H, 

CH3CHOS). - 13C NMR (75 MHz, C6D6, TMS): 6 = -5.49, 
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of ( R ) - 1 6  was isolated as colourless crystals. - m.p. 69"C, [a]g = 
-1.7 (c  = 1.0, CHCI?). - IR (neat): P 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). 

SiCH,), 0.81 (s, 9H, tBu),  1.16 (dd, 3JHp = 16.1 Hz, J =  7.0 Hz, 
3H. CH?CHP), 2.80 (m, I H ,  CH,CHP). 3.69-3.88 (m> 2H, 
CH20). 7.44-7.57 (ni, 6H,  H,,,,,, ,,/, ,,,.J, 7.75-7.91 (m, 4H, Hor,/J. 
- "C NMR (75 MHz, C,D6, TMS): 6 = -5.51 (SiCH?), 11.99 

' J c l ,  = 9 Hz, CH20Si), 128.60 (d, 'Jcp = 54 Hz, C,p,so), 128.69 (d, 
'.1<.p = I0 Hz, C,,,,,,,). 13 I .06, 13 I .09 (d, 4Jcp = 2 Hz, CPr,,.J, 
132.53. 132.59 (d, 'Jcr = 9 Hz, Ct,r,lro). - MS (70 eV); m/z (%I): 

- ' H  NMR (300 MHz. CDC13, TMS): 6 = 0.04, 0.07 (s, 3H, 

(CH?CHP), 25.81 ( tBu) ,  31.98 (d, 'Jcp = 35 Hz, CHP), 63.81 (d, 

372 ( M i ) ,  359 (16). 315 (44) ( M +  - tBu), 301 (15) (M+ - tBu - 
BH3), 256 (14). 255 (89), 254 (21), 187 (19), 186 (100) (PhlP+), 185 
(56), 173 (17), 151 ( I l ) ,  150 (33). 135 (25), 117 (17), 115 (12), 109 
(37), 108 (50) (PhP'), 107 (19), 89 (Il) ,  87 (15), 75 (23), 73 (73), 

(372.37): calcd. C 67.74, H 9.20; found C 67.70, H 9.31. 
71 (12). 59 (34), 57 (24). 55 (13), 43 (16), 41 (21). - C21H34BOPSi 

( - ) - (  K ) - 2 - B o ~ t m a t o t l i i ~ ~ ~ p r ~ p ~ ~ i ~ o s p i ~ u n y l - l - p r o p u n o l  [(R)-12a]: 
300 ing ( I  mniol) hydrazone (S.R)-lla 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-CI 
and 360 mg (3 mmol) DMAP. After flash chromatography (SO2, 
etherlrr-pentane, I : 10). the MTPA-ester was dissolved in 5 ml 
MeOH and treated with 276 mg (2 mmol) K2C03, yielding after 
chromatography ( S O 2 ,  etherln-pentane, 1 :2) 137 mg (72%) of (R)- 
12a as a colourless oil. - [a];; = -2.7 (c = 1.0, CHCI,). - 1R 
(neat): if 3456 (s, br., OH), 2965, 2937, 2877 (s, CH2, CH3), 2373 
(s, B-H), 1257, 1142 (m), 1068 (s. C-0), 1024 (s), 885, 756 (ni), 
691 (s). 651 (m) cm -I. - 'H  NMR (300 MHz, CDCl,, TMS): 6 = 

CR. 0.4 (q ,  br., J = 90 Hz, 3H, BH?), 1.17-1.31 [m, 15H, CH3CHP, 
PCH(Cf13)2], 2.04-2.26 [m. 3H, CH3CHP, PCH(CH,),], 3.75 
(ddd, J = 13.6 Hz, J = 13.0 Hz, J = 5.1 Hz, CHHOH), 3.90 (ddd, 
J = 14.0 Hz, J = 13.6 Hz, J =  5.9 Hz; CHHOH). - ',C NMR 
(75 MHz. CDCI,, TMS): (5 = 12.89 (d, ' Jcp  = 4 Hz, CH3), 17.36, 
17.54 [d. '.I,,, = 3 Hz. (CH,)?CHP], 20.35, 21.82 [d, 'Jcp = 32 Hz, 

2 Hz, CH?). - MS (70 eV); ndr (%): 190 (2) (M+), 189 (4) (M+ - 

(iPr2PCHCH3). 134 (20) (iPr,POH'), 119 (9), 118 (68) (iPr2P+), 
117 (lo),  104 (14), 92 (25). 89 (9), 76 (26), 75 (22), 74 (13), 69 (9), 
61 (11).  - C9H24BOP (190.07): calcd. C 56.87, H 12.73; found C 
57.01, H 12.39. 

( - )  -( R ) - 2 - B o r c ~ 1 i i i t o ~ ~ i p l i p l ~ ~ I i ~ ~ . ~ p h a 1 ~ ~ I - I - p r ~ ~ p u n 0 1  [( R)-12b]: a) 
368 mg ( I  mtnol) hydrazone (S,R)-llb 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-C1 
and 360 mg (3 mmol) DMAP. After flash chromatography (Si02. 
cthcr/ri-pentane, l : l0),  the MTPA ester was dissolved in 5 ml 
McOH and treated with 276 mg (2 mmol) K2C03, yielding after 
chromatography (SO2,  etherln-pentane, 1 :3) 188 mg (73%) of (R)- 
12b as colourless crystals. - [a]g = -34.4 (c = 1.0, CHCI?). 

b) 424 nig ( 1  mniol) hydrazone (S,R)-llc was ozonolysed and 
ording to GP Y, yielding 175 mg (68'%1) of (R)-12b as 

colourless crystals. - [a16 = -31.2 (c = 1.0, CHCI,). 
c) To a solution of 186 nig (0.5 mmol) (R)-I-(tert-butyldimethyl- 

silyl)-2-boranatodiphenylphosphanylpropane (R)-16 in 1 nil THF, 
was added I .5 ml ( 1.5 mmol) tetrabutylammonium fluoride solu- 
tion at room temperature and the mixture was stirred for 1 h (TLC- 
control). I t  was then quenched with aq. NH4CI at 0 °C  extracted 
with ether; dried (MgS04), filtered and evaporated, yielding 106 mg 
( 8 2 % ) )  of (R)-12b after chromatography as colourless crystals. - 

(CHi)ZC'HP], 29.00 (d, 'Jcp = 28 Hz, CH,CHP), 64.78 (d, *Jcp = 

H), 177 ( I ? ) ,  176 (100) (M' - BHs), 146 (8), 145 (20) 

m.p. 67-68"C, [a]:: = -33.8 (c = 1.0, CHCI,). - IR (KBr): P 
3512 (s, OH), 3435 (s, br., OH), 3083, 3058, 3033 (m, C-H,,,,,,), 

(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, CDC13, TMS): 6 = ca. 1.0 (4, br., J = 90 Hz, 

(s, br., 1 H, OH), 2.84 (m, 1 H, CH,CHP), 3.78 (m, 2H,  CH2), 
7.40-7.52 (m, 6H, H,ne,o,/,ara)r 7.69-7.82 (m, 4h, H,,,,d. - 13C 

2971, 2955, 2932, 2917, 2886 (s, CH2, CH3), 2382 (s, B-H), 2343 

3H, BH3), 1.18 (dd, 3 J H p =  15.6 Hz, ' J =  7.1 Hz, 3H, CH3), 2.01 

NMR (75 MHz, C6D6, TMS): 6 = 11.92 (d, ' J C p  = 1 Hz, CH3), 
31.74 (d, 'Jcp = 35 Hz, CH,CHP), 63.55 (d, 'Jcp = 6 Hz, CH,), 
128.1 1 (d, 'Jcp = 55 Hz, C,p,,,), 128.83, 128.93 (d, ,Jcp = 10 Hz, 
C,,7el(o, 131.37 (d, 4Jcp = 2 Hz, C,,,,,), 132.40, 132.69 (d, 2Jcp = 9 
Hz, Co,-,lio). - , 'P NMR (202 MHz, CDCI?, H3P04): 6 = 18.9 (q, 
'JPB = 67 Hz). - MS (70 eV); in/- (%I): 258 (1) (M+), 257 (7) (M+ 
- H), 244 (100) (M+ - BH,), 213 (11) (Ph,P-C2Hz), 202 (27), 
186 (34) (Ph,PH+), 185 (24) (Ph,P+), 183 (53), 155 (lo), 152 (7) 
(Ph?PCHCH2OHt), 136 (5) (PhPCHCH;), 109 (27), 108 (49) 
(PhP+), 89 (6). - Cl5H20BOP (258.11): calcd. C 69.80, H 7.81; 
found C 69.80, H 8.02. 

(- ) - ( RJ -2- Boranatocliphen~tl,hosphunq.I-I-hutcinol [(R)-12c]: 382 
mg (1  mmol) hydrazone (S,R)-lld was ozonolyzed and reduced 
according to GP 9, yielding 182 mg (67%) of (R)-12c as a colourless 
oil. - [a]:: = -29.4 (c = 1, CHC13). - IR (CHC13): P 3513 (s, br., 
OH), 3078, 3058, 3006 (m, C-H,,,,,.), 2965, 2933, 2877 (s, CH2, 
CH,), 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) cm-'. - 'H NMR (300 MHz, CDC13, TMS): 
6 =  l.00(t,J=7.4Hz,3H,CH3),ca.1.1(q,br.,J=90Hz,3H, 
BH3), 1.46 (m; l H ,  CH,CHH), 1.71 (m, l H ,  CH,CHH), 2.16 (s, 
br., 1 H, OH), 2.55 (m, 1 H, CH3CH2CHP), 3.84 (m, 1 H, CHHO), 
3.93 (ddd, J =  11.5 Hz, J =  11.5 Hz, J =  5.1 Hz, l H ,  CHHO), 
7.43-7.54 (m, 6H,  H,,l,,u.,,am), 7.69-7.82 (m, 4H, Horrho). - 
NMR (75 MHz, CDC13, TMS): 6 = 12.71 (d, ,JcP = 1 1  Hz, CH,), 
19.08 (d, , J c p =  2 Hz, CHjCH,), 38.40 (d, 'Jcp= 35 Hz, 
CH,CHP), 59.88 (d, 2Jcp = 3 Hz, CHJ, 127.87 (d, ' Jcp  = 55 Hz, 
Co,Ac,), 128.83, 128.96 (d, ,Jcp = 10 Hz, C,,,,,,,), 131.39 (d, 4Jcp = 2 
Hz, C,,,,,), 132.40, 132.72 (d, 2Jcp = 9 Hz, Cort/io). - ,'P NMR 
(202 MHz, CDClI, H3PO4): 6 = 18.5 (1, ' J p B  = 67 Hz). - MS (70 
eV); i d :  (%I): 272 (2) (M+), 271 (9) (M+ - H), 259 (20), 258 (100) 
(M+ - BH3), 213 (11) (Ph,P-C,H:), 202 (14), 186 (33) (Ph,PH+), 
185 (23) (PhZP+), 183 (24), 154 (7), 136 (6), 109 (22) (PhPH +), 108 
(55) (PhP+), 107 (15), 89 (8), 55 (lo), 51 (6). - ClhH2lBOP (M+ 
- H): calcd. 271.1423; found 271.1426 (MS). 

[( R)-l2d]: 
396 mg ( 1  mmol) hydrazone (S,R)-lle was ozonolysed and reduced 
according to GP 9,  yielding 215 mg (75%) of (R)-12d as a colour- 
less oil. - [a]:: = -45.0 (c = I ,  CHCI,). - IR (neat): 5 3514 (s, 
br., OH), 3078, 3058, 3006 (m, C-H,,,,,), 2959, 2932, 2872 (s, 
CH,, CHI), 2383 (s, B-H), 2350 (sh), 1483, 1464 (m, C-Cor,,,I,), 
1437 (s, P-Ph), 1382, 1336, 1314 (m), 1106 (s, P-Ph), 1064 (s, 
C-O), 1039, 1030 (s), 740, 696 (s) cm-'. - 'H  NMR (300 MHz, 
CDCI,, TMS): 6 = 0.85 (t, ' J  = 7.4 Hz, 3H, CH,), 1.29 (m, 2H, 
CH,CH,), 1.57, 1.73 (m, 1 H, CH3CH2CH2), 2.14 (s, br., 1 H, OH), 
2.64 (m, 1 H, CH,CHP), 3.84 (m, 2H, CH20), 7.41-7.54 (m, 6H, 
H,~r~, ,~, , / lA,  7.70-7.83 (m, 4H,  Hor-rir,J - I3C NMR (75 MHz, 

(- )- ( R) -2 -Borann to~ i~~ken~~lp~ i~sp11~n~~l - I  -pentun01 

CDCI,, TMS): 6 = 13.89 (s ,  CH?), 21.11 (d, ' J cp  = 10 Hz, 
CH,CH?), 27.77 (s, CH3CH2CH2), 36.51 (d, 'Jcp = 34 Hz, CHP), 
60.35 (d, ' J c p  = 3 Hz, CHZ), 127.87 (d, 'Jcp = 56 Hz, C,,,,,), 
128.83, 128.96 (d, 3Jcp = 9 Hz, C,,,, ,,', ), 131.38 (d, 4Jcp = 2 Hz, 
C,,,,,,), 132.41, 132.74 (d, ?Jcp= 9 HZ. Cor,/lo). - NMR (202 
MHz, CDCI?, H3P04): 6 = 18.6 (9, lJpB = 64 Hz). - MS (70 eV); 
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ml; (YO): 286 (3) (M+), 285 (10) (M+ - H), 273 (20), 272 (100) 
(M+ - BH3), 230 (37) (Ph?P-C2H40Ht), 214 (ll),  212 (46) 
(Ph,P-C,H:), 202 (6), 187 (lo), 186 (54) (Ph2PHf), 185 (20) 
(PhiP+), 183 (42), 154 (7), 152 (lo), 136 (6), 110 (8), 109 (24). 108 
(65) (PhP+), 107 (29), 89 (8), 55 (6), 51 (6). - C17H24BOP (286.16): 
calcd. C 71.35, H 8.45: found C 71.36, H 8.79. 

(+)-(S)-2-Boranatodiplieny~hosphanyl-l-pentunol [(S)-12d]: a) 
396 mg (1 mmol) hydrazone (R,S)-lle was ozonolysed and reduced 
according to GP 9, yielding 206 mg (72%) of (S)-12d as a colourless 
oil. - [ a ] g  = +46.1 (c = I ,  CHCI,). 

b) 396 mg ( 1  mmol) hydrazone (S,S)-lle was ozonolysed and 
reduced according to GP 9, yielding 197 mg (69%) of ( 9 - 1 2 d  as a 
colourless oil. - [ a ] g  = +46.5 (c = I ,  CHCI,). The other analyti- 
cal data corresponded with those of (R)-12d. 

(-) - (R)  -2-Boranatodiphenylphosplzan~,1-l-l-he~~inoI [( R)-12e]: 4 10 
nig (1 mmol) hydrazone (S ,R)- l l f  was ozonolysed and reduced ac- 
cording to GP Y, yielding 231 mg (77'%1) of (R)-12e as a colourless 
oil. - [ a ] g  = -46.7 (c = 1, CHCI,). - IR (CHC13): P 3513 (s, br., 
OH), 3078, 3058, 3007 (m, C-H,,,,,), 2957, 2932, 2871 (s, CH,, 
CH3), 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-I. - 'H NMR (300 MHz, CDC13, 
TMS): 6 = 0.81 (t; ,J= 7.4 Hz, 3H, CH,), 1.29-1.82 (m. 6H, 3 
CH2),2.15(s,br.,1H,OH),2.62(m,1H,CH3CHP),3.82(m,1H, 
CHHO), 3.91 (ddd, J =  12.3 Hz, J =  12.1 Hz, J =  5.2 Hz, lH,  
CHffO), 7.41 -7.54 (m, 6H, H,nr.lo,portr), 7.70-7.83 (m, 4H, Hurr/w). 

(s, CH,CH,), 25.33 (d, 'JCp = 2 Hz, CH,), 30.12 (d, 3JCp = 10 Hz, 
CH2), 36.71 (d, 'Jcp = 34 Hz, CHP), 60.30 (d, ?JCP = 3 Hz, CH2), 
127.87 (d, ' J C p  = 54 Hz, C,p.,o), 128.82, 128.95 (d, ,JCP = 10 Hz, 
C,,,,,), 131.36, 131.40 (d, 4Jcp = 3 Hz, C,,,,,,), 132.39, 132.73 (d, 

18.6 (q, lJPB = 66 Hz). - MS (70 eV); ~ n l z  (54): 300 (3) (M+), 

- I3C NMR (75 MHz, CDCI', TMS): 6 = 13.83 (s, CH,), 22.50 

'JCp = 9 Hz, Curl/,,,). - ,'P NMR (202 MHz, CDCI,, H3PO4): 6 = 

299 (10) (M+ - H), 287 (21), 286 (100) (M+ - BHI), 230 (27) 
(Ph2P-C2H40Ht), 214 (1 l), 213 (46) (Ph2PFC2- 
H:), 187 (21), 186 (88) (PhZPH+). 185 (27) (PhZP'), 183 (42), 152 
(7), 110 (8), 109 (21), 108 (39) (PhP+), 107 (17), 89 (S), 5 5  (16), 43 
( I I ) ,  41 (17). - C18H25BOP ( M t  - H): calcd. 299.1736: found 
299.1734 (MS). 

( -) - (R) -2-Borunatodiphen~~lpho~~pl1an~~l-l-heptunol [( R)-12fj: 
424 mg (1 mmol) hydrazone (S,R)-1 l g  was ozonolysed and reduced 
according to GP 9,  yielding 236 mg (75%) of (R)-12f as a colourless 
oil. - [a]% = -41.7 (c = I ,  CHC13). - IR (CHCI,): P 3507 (s, br., 
OH), 3079, 3060. 3008 (m, C-H,,,,,,,), 2956, 2930, 2860 (s, CH2, 
CH,), 2384 (s, B-H), 2350 (sh), 1484 (m, C-C<,ro,n), 1438 (s, 
P-Ph), 1107 (s, P-Ph), 1064 (s, C-0), 1030 (m), 757, 696 (s) 
cm-'. - 'H NMR (300 MHz, CDCI,, TMS): 6 = 0.82 (t, ' J  = 7.4 
Hz, 3H, CH,), 1.10-1.80 (m, 8H,  4 CH?), 2.22 (s, br., lH ,  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. lH ,  CHHO), 7.41-7.54 (m, 6H, 
H,,,,.,, ,.,,', A 7.70-7.83 (m, 4H, H,,r,/zJ. - "C NMR (75 MHz, 
CDC13, TMS): 6 = 13.93 (s, CH,), 22.37 (s, CH,CH,), 25.66 (d, 
'JCp = 2 Hz, CH?), 27.64 (d, 3 J C p  = 10 Hz, CH?), 31.53 (s, CH2), 
36.74 (d, lJcp = 33 Hz, CHP), 60.41 (d, 'JCP = 3 Hz, CH2), 127.88 
(d, lJcp = 56 Hz, C ,/,,,, ), 128.79, 128.93 (d, ,JCp = 10 Hz, C,I,Pr(,), 
131.34, 131.37 (d, 4Jcp = 3 Hz, C,,,,,,), 132.39, 132.71 (d, 'Jcp = 9 

lJPB = 68 Hz). - MS (70 eV): mlr ('XI): 314 (3) (M+), 313 (8) 
Hz, C,,i.,/ro). - ,'P NMR (202 MHz, CDCI,. H,PO,): 6 = 18.6 (4. 

(M+ - H). 301 (15), 300 (67) (Mt - BH?), 243 (I l ) ,  230 (18) 
(PhlP-C2H40Ht), 214 (7), 213 (30) (PhlP-CZH:), 187 (22), 186 
(100) (PH?PH+), 185 (21) (Ph:P+), 183 (24), 152 (S), 110 (6), 109 
(20), 108 (54) (PhP+), 107 (18), 91 (7), 5 5  (13). 43 (7), 41 (13). 

- C19H280BP (314.21): calcd. C 72.63, H 8.98: found C 72.80, 
H 8.82. 

( -) - (R)-2- Boranutodiphenylphospha~iyl-I-decunol [(R)-12g]: 466 
mg (1 mmol) hydrazone (S,R)-llh was ozonolysed and reduced 
according to GP 9,  yielding 295 mg (83Y1) of (R)-12b as a colour- 
less oil. - [a]? = -37.1 (c = 1, CHCI,). - IR (neat): [a]E = 3512 
(s ,  br., OH), 3078, 3059, 3007 (m, C-H,,, ,,,. ), 2953, 2926, 2855 (s, 
CH2, CH,), 2384 (s, B-H), 2350 (sh), 1483, 1465 (m, C-Co,,,,,,.), 
1437 (s, P-Ph), 1206 (m), 1107 (s, P-Ph), 1064 (s, C-0), 1029 
(m), 758,695 (s) cm-'. - 'H NMR (300 MHz, CDCI?, TMS): 6 = 

0.86 (t, ' J =  7.4 Hz, 3H, CH3), 1.10-1.80 (m, 14H, 4 CH2), 2.15 
(s, br., I H, OH), 2.62 (m, 1 H, CH,CHP), 3.83 (m. 1 H, CHHO), 
3.91 (ddd, J = 12.5 Hz, J = 12.3 Hz, J = 5.3 Hz, 1 H, CHHO), 
7.41-7.54 (m, 6H, H,~~rru,parrr), 7.70-7.83 (m, 4H, Horrho). - I3C 
NMR (75 MHz, CDC13, TMS): 6 = 14.09 (s, CH,), 22.63, 29.16, 
29.30, 29.35, 31.80 (s, CHZ), 25.62 (d, ,JCp = 1 Hz, CHZ), 27.95 (d, 
3JCp = 10 Hz, CH2), 36.75 (d, 'JCp = 34 Hz, CHP), 60.38 (d, 
*JCP = 3 Hz, CH?), 127.86 (d, 'JCp = 5 5  Hz, C,,,), 128.82, 128.95 
(d, ,JCp = 10 Hz, C,,,,,), 131.36, 131.39 (d, 4Jcp  = 3 Hz, CI,I,rL,), 

CDCI,, H,P04): 6 = 18.6 (q, lJpB = 70 Hz). - MS (70 eV): mlz 
132.40, 132.70 (d, ' J c p  = 9 Hz, Co,.l/ro). - ,'P NMR (202 MHz, 

(Yo): 356 (3) (M+), 355 (7) (M' - H), 343 (13), 342 (52) (M' 
- BHI), 243 (8), 230 (14) (Ph?P-C2HdOH+), 214 (S), 213 (20) 
(Ph2P-C,H:), 187 (19), 186 (100) (Ph,PH+), 185 (18) (Ph?P+), 
183 (23), 109 ( I I ) ,  108 (34) (PhP+), 107 (8), 55 (7), 43 (6), 41 (7). 
- C22H34BOP (356.29): calcd. C 74.16, H 9.62; found C 73.85, 
H 9.93. 

(-)-( R)-2-Diphenylphosphanyl-l-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]% = -7.9 (c = 2.2, CH2CI,). 
- IR (CHCI,): G 3350 (s, br., OH), 3065, 3045 (m, C-H,,,,,,,), 2950, 
2920,2860 (s, CH2, CH3), 1570 (m), 1475 (s), 1430 (s, P-Ph), 1175 
(m), 1090 (s), 1028 (s, br., C-0), 740, 693 (s) cm-'. - 'H NMR 

Hz, 3H, CH,), 2.12 (s, br., 1 H, OH), 2.58 (m, lH ,  CH,CHP), 3.53 
(dm, J =  11 Hz, I H ,  CHH), 3.71 (ddd, J =  11 Hz, J =  8.5 Hz, 
J = 4.5 Hz, I H ,  CHH), 7.32 (m, 6H, Hn,eta,pum), 7.49 (m, 4H, 

15 Hz, CH,), 33.84 (d, lJcp = 11 Hz, CH,CHP), 65.55 (d, ' J C p  = 

,JCP = 6 Hz, C,,,), 133.33, 133.83 (d, ' JCP = 20 Hz, Corlh,,), 

CDCI,, H3P04): S = -9.9 (s). - MS (70 eV); mlz ('YO): 244 (100) 

(Ph,POH+), 201 (lo), 186 (39) (Ph2PH+), 185 (19) (Ph2P+), 183 

(PhPCHCH:), 125 (7), 109 (50), 108 (67) (PhP+), 91 (8), 77 (8), 
65 (6), 51 (7), 43 (20), 41 (6). - CI5Hl70P:  calcd. 244.1017; found 
244.1015 (MS). 

(300 MHz, CDC13, TMS): 6 = 1.10 Sdd, , JHp = 13.7 Hz, ' J =  6.9 

Horlho). - I3C NMR (75 MHz, CDCI,, TMS): 6 = 14.21 (d, 2Jcp = 

23 Hz, CHZ), 128.40, 128.49 (d, 3Jcp = 7 Hz, C,,,,,), 128.89 (d, 

135.96, 136.58 (d, 'Jcp = 13 Hz, C,pso). - "P NMR (202 MHz, 

(M+), 230 ( 5 )  (M+ - CH,), 213 (19) (Ph,PC2H:), 202 (33) 

(39), 155 (13), 152 ( 5 )  (Ph,PCHCH,OH+), 133 (6) 

(+ )- ( R)-2- Dipkenylplzosphun)~l-l -butunol [( R)-l3c]: 136 mg (0.5 
mmol) borane-protected alcohol (R)-12c was reacted with 280 mg 
(2.5 mmol) DABCO according to GP 10, yielding 110 mg (85%) 
of (R)-13c as a colourless oil. - [a]? = +4.0 (c  = 2.0, CH,CI,). 
- 1R (CHCI,): G 3392 (s, br., OH), 3072, 3055, 3012 (m, C-H,,,,,,,), 
2963, 2930, 2875 (s, CH2, CH,), 1480 (m), 1461 (m), 1434 (s, 
P-Ph). 1217, 1093, 1027 (s. br., C-0), 749, 698 (s) cm-I. - 'H 

CH3), 1.54 (m, 2H, CH3CH2), 2.39 (s, br., 1 H, OH), 2.39 (m, I H, 

IH,  CHHO), 3.77 (ddd, J =  11.6 Hz, J =  11.5 Hz, J =  4.6 Hz, 
IH,  CHHO), 7.28-7.36 (m, 6H, H,,,,,, ,,/, (,,.J 7.45-7.55 (m, 4H,  

NMR (300 MHz, CDCI3, TMS): 6 = 1.02 (t, 3J = 7.3 Hz, 3H, 

CH,CH,CHP), 3.63 (ddd, J =  11.6 Hz, J =  8.5 Hz, J =  5.5 Hz, 
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H(,Fl,,c,). - "C NMR (75 MHz. CDC13, TMS): 6 = 12.21 (d, 3Jcp = 

10 Hz. CH?), 21.18 (d, = 16 Hz, CH,CH,), 40.70 (d, '.Icp = 
12 Hz, CH,C'HP). 62.14 (d, 'Jcr  = 16 Hz, CH,), 128.40, 128.49 
(d, 'Jcp = 4 Hz, C,,,,.,,,), 128.87 (d, 4Jcp = 7 Hz, C,,,,.,,), 133.56, 
133.60 (d, 'Jcp = 20 Hz. C(,,,/>,,), 136.12, 136.51 (d, lJcp = 13 Hz, 

- "P NMR (202 MHz, CDCI,, H3P04): 6 = -13.2 (s). - 
0 eV); n d z  ('XI): 259 (15), 258 (98) (M+), 230 (8) (M+ - 

C?HA), 213 (41) (PhZP-CzH:), 202 (29), 201 (lo), 186 (57) 
(PhlPH'). 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), 5 5  (6). 47 (12). - CI,H1,,OP: calcd. 258.1174; found 258.1170 
W S ) .  

( - i - i  R)--7-Di~~hen~lphosphun~I-l-pentunol [(R)-13d]: 143 mg 
(0.5 mmol) borane-protected alcohol (R)-12d was reacted with 280 
mg (2.5 mmol) DABCO according to GP 10, yielding 124 mg (91 TI) 
of (K)-13d as a colourless oil. - [a]?? = -9.2 (c = 2.0, CH2CI2). 
- IR (CHCI,): i. 3385 (s. br., OH), 3071, 3054, 3002 (m, C-H(,ro,n), 
2957. 2930, 2870 (s, CH2, CH3), 1480, 1465 (m), 1434 (s, P-Ph), 
1217 (m). 1093 (in, P-Ph), 1028 (s, br., C-0), 698 (s) cm-'. - IH 

CH?). 1.30-1.60 (ni, 4H, CH?), 1.96 (s, br., I H, OH), 2.46 (m, 
I t I , C H , C H P ) , 3 . 5 8 ( d d d , I H , J =  1 1 . 5 H ~ , J = 8 . 7 H ~ , J = 5 . 8  
Hz. CHHO). 3.74 (ddd, IH ,  J =  11.5 Hz, J =  11.5 Hz, J =  4.4 
Hz, CNHO). 7.26-7.35 (m, 6 H ,  H,,,,,, ,,/, (,rJ, 7.46-7.55 (m, 4H, 
H,,,,,,,,). - "C NMR (75 MHz, CDCI,, TMS): 6 = 14.21 ( s ,  CH,), 
20.86 (d. ' J c , p  = 10 Hz, CH,CH,), 30.52 (d, 2Jcp = 15 Hz, CH,), 
38.83 (d. ' Jc ,p  = 12 Hz. CHP). 62.60 (d, 2Jcp = 15 Hz, CH2). 
128.37, 128.42 (d. 'Jcp = 7 Hz, C,,l'>,c,), 128.80 (d, 4Jcp = 6 Hz, 
C,,,,,,,). 133.53, 133.57 (d, ' J C p  = 19 Hz, Co,-rlr,,), 136.14, 136.51 (d, 

-12.3. - MS (70 eV); nd; ( I % ) ) :  273 (12), 272 (65) (M+), 230 (41) 

186 (48) (Ph2PHt), 185 (17) (Ph,P+), 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). - C17H210P: calcd. 272.1330; found 
272.1327 (MS). 

NMR (300 MHz, CDCI?, TMS): 6 = 0.85 (t, J =  7.0 Hz, 3H, 

'Jcp = 13 Hz. C ,/,, <,). - "P NMR (202 MHz, CDCI,, HIPO4): 6 = 

( M +  - C I H ~ ) .  229 (13). 213 (100) (Ph2P-C2H:), 202 (lo), 201 (6), 

f + ~-~SI-2-Diphen~~lphosphu~i~/ - l -pentanol  [(S)-13d)]: 143 mg 
(0.5 mniol) borane-protected alcohol (S)-12d was reacted with 280 
mg (2.5 Inmol) DABCO according to GP 10, yielding 125 mg (92%) 
of (S)-13d as  a colourless oil. - [a]g = +9.4 (c = 2.2, CH2CL). 

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

( - 1 -i R~--7-Di~JIit,ni,Ip~i~~.sph~iji~I-I-/ie,~(~no/ [(R)-13e]: 150 mg (0.5 
mmol) borane-protected alcohol (R)-12e was reacted with 280 mg 
(2.5 mmol) DABCO according to GP 10, yielding 130 mg (91%) 
of (R)-13e as a colourless oil. - [a18 = -14.3 (c = 2.7, CH2C12). 
- 1R (CHCI,): C 3375 (s. br.. OH), 3070, 3053, 3015, 3000 (m, 
C-H,,,,,,,, ). 2955. 2928. 2870, 2859 (s, CH2. CH3), 1480, 1466 (m), 
1434 (s. P-Ph). 1379 (m), 1094 (m, P-Ph), 1028 (s, br., C-0), 
1000 (s). 742. 698 (s) cm I. - ' H  NMR (300 MHz, CDCI?, TMS): 
6 = 0.84 (t .  ' J  = 7.4 Hz. 3H.  CH3), 1.20-1.60 (m, 6H, 3 CH2), 
1.90 (s, br., I H, OH). 2.48 (m, I H, CH,CHP), 3.60 (ddd, J = 11.2 
Hr, .I = 8.7 Hz, J =  5.7 Hz, 1 H, CHHO), 3.76 (ddd, J =  11.3 Hz, 
.I = 11.3 Hz, J = 4.4 Hz. 1 H. CHHO), 7.18-7.28 (m, 6H, H,,,<,((,,. 
/,(,,<,). 7.37-7.47 (m, 4H.  Ht,,l/!c,). - I3C NMR (75 MHz. CDCl?, 
TMS): 6 = 13.95 (s, CH3), 22.82 (s, CH,CHl), 28.00 (d, 'Jcp = 15 
Hz, CHZ), 29.88 (d, ',I,.p = 10 Hz, CH?), 39.90 (d, 'Jcp = 1 I Hz, 
CHZCHP), 62.63 (d. 2Jc~p = 15 Hz, CH?), 128.39, 128.45 (d, 3Jcp = 

128.83 (d. 'JcP = 7 Hz, C/,c,!c,), 133.59 (d, 2Jcp = 19 
Hz, C,,,,,,,,). 136.19, 136.58 (d, 'Jcp = 14 Hz, C ,/,, <,). - "P NMR 
(202 MHz. CDCI,, H3P04): 6 = - 12.4 (s). - MS (70 eV): ml; ( I % ) :  

287 (12). 286 (57)  ( M + ) ,  243 (21) (M+ - C3H7), 229 (13) (M' - 
CjHg), 213 (86) (Ph?P-C,H:), 202 (8), 201 (6), 186 (100) 

(Ph2PHf), 185 (19) (PhZP'), 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 (1 I).  - C18H230P: calcd. 286.14869; found 286.14865 (MS). 

(-)-jR)-2-Diphenylphosphan~l-l-heptunol [(R)-13fl: 151 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. - [a]" = -12.8 (c = 1.1, CHCI,). 
- IR (CHC13): P 3400 (s, br., OH), 3078, 3051 (m, C-H,,,,,), 2954, 
2930, 2871, 2858 (s, CH2, CH,), 1480, 1467 (m), 1434 (s, P-Ph), 
1380 (m), 1091 (m, P-Ph), 1030 (s, br., C-0), 741, 698 (s) cm-I. 
- 'H NMR (300 MHz, CDC13, TMS): 6 = 0.84 (t, ' J =  7.4 Hz, 
3H, CH3), 1.15-1.60 (m, 8H, 4 CH2), 1.70 (s, br., 1 H, OH), 2.45 
(m, l H ,  CH2CHP), 3.60 (ddd, J =  11.3 Hz, J =  8.8 Hz, J =  5.4 
Hz, lH ,  CHHO), 3.76 (ddd, J =  11.5 Hz, J =  11.3 Hz, J =  4.7 
Hz, IH,  CHHO), 7.28-7.37 (m, 6H,  H,npro,po,.r,), 7.46-7.55 (m, 
4H, HOr,ho). - I3C NMR (75 MHz, CDCI,, TMS): 6 = 14.02 (s ,  
CH,), 22.49, 31.92 (s, CHZ), 27.37 (d, ,JCp = 10 Hz, CH,), 28.28 
(d, *Jcp = 15 Hz, CHP), 39.15 (d, 'Jcp = 12 Hz, CHP). 62.67 (d, 
'Jcp = 15 Hz, CH?), 128.40, 128.46 (d, 3Jcp = 7 Hz, C,,,,,), 128.86 
(d, 4Jcp = 3 Hz, Cpur.a), 133.56, 132.60 (d, 'Jcp = 19 Hz, Cortho), 
136.13, 136.55 (d, 'Jcp = 13 Hz, Clps0). - 3'P NMR (202 MHz, 
CDC13, H3PO4): 6 = -12.4 (s). - MS (70 eV); mlz (TI): 301 (7), 
300 (34) (M+), 243 (25) (M+ - C4H9), 230 (30) (M+ - C,H,,), 
229 (9) (M+ - C,HII), 213 (72) (Ph?P-C?H:), 202 (7), 201 (6), 
186 (100) (PhZPH+), 185 (22) (Ph,P'), 183 (50), 152 (6), 133 (7), 
109 (20) (PhPH+), 108 (77) (PhP+), 107 (16), 91 (7), 77 (6), 5 5  (Il), 
47 (8), 41 (16). - C19H250P: calcd. 300.1643: found 300.1644 
(MS). 

(-)-jR/-2-Diphen~lplzosphar?yl-l-u%cano/ [(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. - [a]g = - 12.2 (c = 2.0, CH,CI,). 
- IR (CHCI,): P 3343 (s, br., OH), 3055 (m, C-H,,,,,), 2954, 2925, 
2854 (s, CH., CH?), 1480, 1466 (m), 1436 (s, P-Ph), 1380 (m), 
1176 (s), 1118 (s), 1028 (s, br., C-0), 746, 697 (s) cm-'. - 'H 

CH3), 1.17-1.60 (m. 14H, 4 CH2), 1.95 (s, br., 1 H, OH), 2.45 (m, 
I H ,  CH2CHP), 3.58 (m, I 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, hH,  H,,loo,porJ, 
7.35-7.47 (m, 4H, Horrh,,). - ',C NMR (75 MHz, CDCI,, TMS): 
6 = 14.13 (s, CHI), 22.67, 29.25, 29.44, 29.76, 31.86 (s, CH?), 27.69 

'Jcp = 12 Hz, CHP), 62.65 (d, 'JcP = 15 Hz, CH2), 128.39, 128.45 

133.62 (d, 2.1c.p = 19 Hz, Corrho), 136.24, 136.62 (d, 'Jc-p = 13 Hz, 

(70 eV); mlz (%): 343 (7), 342 (31) (M+), 243 (21) (M+ - C7HI5), 

NMR (300 MHz, CDC13, TMS): 6 = 0.87 (t, J =  7.4 Hz, 3H, 

(d, 'Jc.p = 10 Hz, CH,), 28.30 (d, 2Jcp = 15 Hz, CH2). 39.14 (d, 

(d, 3Jcp = 7 Hz, C,71pIJ, 128.83 (d, 4Jcp = 6 Hz, CI~~L,.o), 133.60, 

C,Il,,c,). - 31P NMR (202 MHz, CDCI?, H3P04): 6 = -12.4. - MS 

230 (30) (M+ - CgHIh), 229 (9) (M+ - CgH17), 213 (42) 
(Ph,P-C?H:), 202 (14), 201 (9), 186 (100) (Ph,PH+), 185 (18) 
(Ph2P+), 183 (39), 109 (12) (PhPH+), 108 (44) (PhP+), 107 ( I I ) ,  91 
(8), 77 ( 5 ) .  69 (6), 55 (9), 47 (7). 41 (16). - C22H310P: calcd. 
342.21 13; found 342.21 I 1  (MS). 

* Dedicated to Professor Huns Padsen on the occasion of his 
75th birthday. 
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Ethyl acetate was metalated with LDA and phosphinylated with 
chlorodiphen 1 hos hane. The resulting diphenylphosphanyl 

by alkylation with alkyl iodides and subsequent LAH reduction 
to afford the alcohols 13 as racemic mixtures. 
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ethyl acetate [T ! 1 was deprotonated again with LDA, followed 

LicJbigs Ann.lRrcuri1 1997, 345-363 363 




