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Abstract: One-pot conversion of allyl azides into 4-pentenenitriles 4 is achieved by sequential treatment of allyl azides with
triphenylphosphine and the corresponding ketene under mild and neutral conditions. On the other hand, allyl iminophospho-
ranes and related react with arylacetic acid chlorides to give unexpectedly the phosphonium salts § which by treatment with

base and then heating lead to 4-pentenenitriles 9.

One-flask multiple bond-forming reactions are powerful synthetic tools widely used in the convergent synthesis
of complex molecules. In this context, in the last few years we have been developing novel cyclization methods
based on consecutive processes involving unsaturated heterocumulenes as key intermediates which can undergo
several kinds of heterocyclization reactions such as 6n-electrocyclization?, intramolecular [4+2] Diels-Alder
cycloaddition?, and intramolecular amination*. We now report the iminophosphorane-mediated one-pot conversion
of allyl azides into o-allylated nitriles based on a consecutive Staudinger reaction / aza Wittig-type reaction / 3-aza
Claisen rearrangement process.

The starting azides 1a®, 1b¢, 1¢?, and 1d* were prepared from the corresponding bromides and Amberlite IR-400
(N, form). Allyl azides are known to equilibrate rapidly at room temperature by 1,3-rearrangement, so the purity
of azides 1 used in this work ranged from 60% (1b) to 2 95% (1d) as determined by 'H NMR. Staudinger reaction
of azides 1 with triphenylphosphine in dry benzene led to the corresponding iminophosphoranes 2 which were used
without purification for the next step. Aza Wittig-type reaction of iminophosphoranes 2 with disubstituted ketenes,
prepared by dehydrochlorination of the corresponding 2,2-disubstituted acyl chlorides with triethylamine, in the
same solvent at room temperature for a short period of time, yielded the corresponding nitriles 4 in moderate yields
(41-60%). Considering the number of steps involved in this one-pot cohversion, the yields obtained can by

considered as very good. In general, this conversion proceeded without complications in a range of substrates.
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Scheme 1 presents some of the 4-pentenenitriles 4 rendered readily available via this methodology. The ready
availability of quaternary stereocenters vig this conversion is shown in entries 4b, 4¢, 4d, and 4g. A word about the
diastereoselection of this reaction isrelevant. Nitrile 4d was obtained in 55% yield as a 10:1 mixture of diastereomers
(by 'H NMR); similarly nitrile 4b was obtained in 48% yield as 2:1 mixture of diastereomers, whereas in the
formation of 4¢ diastereoselection was not observed.

a R!'=C¢Hs R*=H

b R!=CH; R%=H

¢ R'=CH, R*=CH,
d R'=CH,=CH R?=H

3 CN
[ >R
—_—— C —_— R* R2
R g2 M
A Z
R? R4
3 4
Reagents: a) PPhy, CgHg, r.t.; b) R 3R*C=C=0, C4Hg, I.t.
Compound R! R? R3 R* Yield %
4a CgH; H CsH;s CgHs 51
4b . CeHs H CgHg C,H; 48
4c C6H5 H C6H5 4-CH3C6H4 44
4d CH3 H CgHs C,Hs 55
4e CH3 CH3 C6H5 C6H5 47
4f CH2=CH H C6H5 C6H5 60
4g CH2=CH H C6H5 C2H5 41
Scheme 1

The conversion 2 — 4 can be rationalized in terms of an initial formation of a ketenimine 3 as highly reactive

intermediate which cleanly undergoes a 3-aza-Claisen rearrangement to give 4. In general, the conversion of
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ketenimines to nitriles is known to ocurr with varying degrees of ease and through competing reaction pathways
depending on the nature of C- and N-substituents. Kinetic, stereochemical and trapping experiments involving N-
(arylmethyl)diphenylketenimines have shown that the [1,3] nitrogen to carbon rearrangement proceeds via a free-
radical mechanism®. Formulation of ketenimine 3 as intermediate is derived from the fact that iminophosphoranes
react with ketenes to give ketenimines®. This sort of intermediate has also been postulated in the conversion of N-
allyl amides into o-allylated nitriles™.

A R N=C=CHR?

RiZ N=PPh; + R? “Ncoct + BgN
: it R Sn=c” R
|
cl
0
2
RN R
+PPh,
5
Compound R! R? Yield %

5a (CH,),C=CH CeHs 37
5b (E)-CH,=CH-CH=CH CeHs 66
5c (E)-CH,=CH-CH=CH 4-CICgH, 25
5d (E)-CH,=CH-CH=CH 4-FC¢H, 41
Se (E)-C¢H5-CH=CH CgHs 67
sf (E)-CgH5-CH=CH 4-CIC¢H, 35
5g (E)-C¢Hs-CH=CH 4-FCgH, 68
5h CH=C CgH; 55
5i CeHs CeHs 51
5§ CH,-CH,-0CO CeHy 97
5k CH,=CH(CH,), CgHs 33
51 C¢Hs CH, 30

Scheme 2

Having established that the reaction of iminophosphoranes 2 with ketenes provides unsaturated nitriles under
extremely mild conditions, we tried to expand the scope of this conversion by reaction of iminophosphoranes 2 with
several substituted acetyl chlorides under ketene formation conditions. At first, it was reasonable to expect that
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iminophosphoranes 2 would react in an aza Wittig-type fashion either with the in situ formed ketene to give a
ketenimine or directly with the acyl chloride to give the corresponding imidoyl chloride which by the action of
triethylamine could lead to the intermediate ketenimine. However, the reaction unexpectedly led to the formation
of phosphonium salts 5§ (25-97%). It is noteworthy that in the absence of triethylamine the yields are similar to that
with triethylamine. Examples in Scheme 2 suggest that this reaction seems to be quite general. The reaction with
the iminophosphorane derived from (S)-1-phenylethylamine led to the corresponding phosphonium salt and no
diastereoselection was observed.

R1” > N=PPh, .
2 R1” > N—PPh R1” > N— PPh,
+ —_— )\/ Cl- —» + HCl | —»
P R?
R? cocl1 o) o) Np2
6 7
o)
2 - Base R2
— 7y X —— Oy
c- H
+PPhy PPh,
5 8
Compound R! R? Yield %
8b (B)-CH,=CH-CH=CH CeHs 83
8¢ (B)-CH,=CH-CH=CH 4-CICgH, 79
8d (E)-CH,=CH-CH=CH 4-FCgH, 75
8e (E)-CsHs-CH=CH CeHs 86
8f (E)-C¢Hs-CH=CH 4-CIC4H, 70
8g (E)-CgHs-CH=CH 4-FCgH, 84
8h CH=C C6H5 80
8i CeHs CeHs 80
8j CH,-CH,-0CO CeHj 66
8k CH,=CH(CH,), CeHj 75
Scheme 3

The aza Wittig reaction between acyl chlorides and iminophosphoranes to give imidoyl chlorides is well-
documenteds. However no examples with the two components (iminophosphorane and acyl chloride) bearing
hydrogen atoms at & position have been reported, to the best of our knowledge. A tentative mechanism for the
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conversion 2 — 5 can be rationalized in terms of an initial acylation to give an acylamino phosphonium salt 6 which
undergoes cyclization to give a four-membered ring 7 and further P-N bond cleavage by the action of hydrogen
chloride to give § (Scheme 3). This conversion formally is a [1,3] nitrogen to carbon rearrangement involving a
triphenylphosphine moiety. To the best of our knowledge no reports dealing with such sort of rearrangement have
been described and only a related process involving a [1,3] nitrogen to nitrogen triphenylphosphine migration has
been reporteds.

The phosphonium salts 5 undergo deprotonation by the action of bases to give the a-carbamoy] phosphoranes
8 in good yields (66-89%) (Scheme 3). When compounds 8 were heated at temperatures slightly higher than their
melting points (90-140 °C) triphenylphosphine oxide and the corresponding 4-pentenenitrile 9 were formed without
diastereoselection (Scheme 4).

R? (o]
CN
)\/\ Ar A Ar .
R! N —_— . +  OPPh
H R _Z
PPh, R2
8 9
Compound R! R?  Ar A°C  Yield%
9%a CH, CH, CgHs 140 55
% CH,=CH H  CgHj 130 57
9% CH=CH H  4CICH, 115 29
9d CH2=CH H 4-FC6H4 120 69
% CeHs H sHs 125 60
of CeHs H  4CCH, 90 25
9% CeHs H  4FC4H, 130 59
Scheme 4

We thought at first that the conversion 8 — 9 would involve thermal triphenylphosphine oxide extrusion to give
an ynamine 10 which isomerizes to the more stable ketenimine 3 and eventually 3-aza-Claisen rearrangement to
give 9. Another acceptable pathway would involve the formation of the four membered ring 7 followed by [2+2]
retrocycloaddition to give the iminophosphorane 2 and aryl ketene 11 which through an aza Wittig-type reaction
yield the intermediate ketenimine 3 (Scheme 5). '

Strong support for the latter pathway was provided by trapping of the intermediate ketene 11. Thus, when
compounds 8 were heated in the presence of p-toluidine or p-cresol, the final products were found to be the
iminophosphorane 2 and the corresponding arylacetanilide or aryl arylacetic ester respectively.
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R!
R! (o) R!
R2 )\/\ N— PPhy /R/\ Ar )\/\
J_...] ~|r? N —>R2 N—C=C—Ar
H H
o Ar PPh,
7 8 10
Rl
2 )\/\ -
R N=PPh; -
2 —— /l§/\ -
+ R? N=C=CH-Ar
Ar-CH=C=0
11 3
9
Scheme §
Experimental

All melting points were determined on a Kofler hot-plate melting point apparatus and are uncorrected. IR spectra
were obtained as films or Nujol emulsions on a Nicolet-SDX spectrophotometer. NMR spectra were recorded on
a Bruker AC-200 (200 MHz) or a Varian Unity-300 (300 MHz). Mass spectra were recorded on a Hewlett-Packard
5993C spectrometer. Microanalyses were performed on a Perkin-Elmer 240C instrument.

General Procedure for the Preparation of 4-Pentenenitriles 4.

To a solution of triphenylphosphine (2.62 g, 1 mmol) in dry benzene (20 ml) was added dropwise a solution of the
appropriate azide 1 (1 mmol) in the same solvent and the reaction mixture was stirred at 70 °C for 1 h. The solution
was cooled at room temperature and the ketene (1 mmol) was added under nitrogen. The resultant solution was
stirred at room temperature for 15 min, the solvent was then removed and the residual material was extracted with
n-hexane (2 x 20 ml). The extracts were combined and concentrated to dryness, the crude product was chromato-
graphed on silica gel column, eluting with n-hexane/ethyl acetate (9:1) to afford 4.

4a: (51%), m.p. 129-130°C (colourless prisms from n-hexane/ethyl acetate); (Found: C, 89.15; H,6.12; N, 4.59.
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C,,H N requires: C, 89.28; H, 6.19; N, 4.53); i.r. (Nujol) 2242, 1494 cm™'; 'H n.m.r (200
Ph CN MHz, CDCL,) 84.44 (4, 1H, J= 7.7 Hz, H-3),5.10 (d, 1H, J=17.1 Hz, H -5), 5.19 (d, 1H, J=
2, Ha 10.3 Hz, H,-5), 6.30 (ddd, 1H,J=7.7, 10.3, 17.1 Hz, H-4), 7.04-7.80 (m, 15H, aryl); *Cn.m.r.
Fh™ 3 P Hp (50 MHz,CDCL,)$856.17 (C-3), 57.30(C-2), 119.50(C-5), 121.54 (C-1), 127.10 (C),127.22
(C» 12731 (C), 127.87 (C)), 127.95 (C,), 128.09 (C)), 128.22 (C ), 128.66 (C,), 129.48

(C), 136.63 (C), 136.84 (C-4), 136.86 (C), 136.92 (C)); m/z (%) 165 (20), 117 (100).
4b: (48%), colourless oil; (Found: C, 87.25; H, 7.40; N, 5.30. C ;H, N requires; C, 87.31; H, 7.33; N, 5.36); i.r.
(film) 2236, 1494 cm™; 'H n.m.1. (200 MHz, CDCL,) mixture of diastereomers 2/1 3 0.75

;T k. (t, 3H, J="7.3 Hz, H-2), 0.87 (t, 3H, J=7.2 Hz, H-2), 1.76 (dd, 1H, J="7.3, 14.0 Hz, H -
H'm' 1, 1.91 (dd, 1H, J=7.3, 14.0 Hz, H-1'), 231 (dd, 1H, J="7.2, 14.1 Hz, H-1'), 235 (dd,
PN H, 1H,J=7.2,14.1Hz H1),3.5(d, 1H,1=9.0Hz, H-3), 3.64 (d, 1H,1=8.8 Hz, H-3),4.78

(dd, 1H, J= 1.4, 16.9 Hz, H -5), 4.99 (dd, 1H, J= 1.4, 10.3 Hz, H,-5), 5.28 (dd, 1H, J= 1.4,

16.5 Hz, H,-5), 5.30 (dd, 1H, J= 1.4, 10.5 Hz, H.-5), 6.05 (ddd, 1H, J= 8.8, 10.3, 16.9 Hz, H-4), 6.39 (ddd, 1H, J=

9.0, 10.5, 16.5 Hz, H-4), 6.9-7.4 (m, 20 H, aryl); *C n.m.r. (50 MHz, CDCL,) mixture of diastereomers & 9.64 (C-

2),9.75(C-21,31.30(C-19,31.81 (C-1", 51.86 (C-2), 53.69 (C-2), 59.81 (C-3), 60.50 (C-3), 118.74 (C-5), 118.99

(C-5), 121.41 (C-1), 121.48 (C-1), 127.03 (CP), 127.57 (Cp), 127.71 (C), 127.84(C P 127.07%,127.16*, 128.03%,

128.41%*, 128.58*, 128.65*%, 128.67*, 129.28*, 136.10 (C), 136.67 (C-4), 136.67 (C), 138.55 (C-4), 138.97 (C),

139.10 (C). *Ortho and meta carbons of the phenyl groups; m/z (%) 261 (M*, 5), 117 (100).

dc: (44%), colourless oil; (Found: C, 89.18; H, 6.43; N, 4.22. C, H, N requires: C, 89.13; H, 6.54; N, 4.33); i.r.

(film) 2236, 1495 cm; 'H n.m.1. (200 MHz, CDCl,) mixture of diastereomers 1/1

Ph 1 82.07 (s,6H, H-1'), 4.43 (d, 2H, J= 8.1 Hz, H-3), 5.06 (dd, 1H, J= 1.0, 10.3 Hz, H, -

CN u 5), 5.14 (dd, 1H, J= 0.9, 17.0 Hz, H,-5), 5.19 (dd, 1H, J= 1.0, 16.9 Hz, H,-5), 5.24

(dd, 1H,J=0.9, 10.4 Hz, H,-5),6.28 (ddd, 1H, J=8.1, 10.4, 17.0 Hz, H-4), 6.32 (ddd,

PhT 3 4 B, 1H, J= 8.1, 10.3, 16.9 Hz, H-4), 6.82-7.61 (m, 28H, aryl); '*C n.m.r. (50 MHz,

CDCl,) mixture of diastereomers 8 14.24 (C-1'), 14.28 (C-1"), 56.35(C-3), 56.37 (C-

3), 57.04 (C-2), 57.11 (C-2), 119.44 (C-5), 119.51 (C-5), 121.80 (C-1), 121.82 (C-1), 127.16%, 127.27*, 128.02*,

128.05%, 128.10*, 128.27*, 128.34*, 128.48*, 128.71%, 129.03*, 129.45*, 129.59*, 129.63*, 130.03*, 130.12%,

130.37*, 135.05 (C-4), 136.12 (C-4), 137.82 (C), 138.27 (C), 139.06 (C), 139.08 (C)), 139.10 (C), 139.23 (C),
139.68 (C), 139.82 (C)). *Ortho, meta and para carbons of the aryl groups; m/z (%) 165 (20), 117 (100).

4d: (55%), colourless oil; (Found: C, 84.25; H, 8.53; N, 7.11. C H N requires: C, 84.37; H, 8.60; N, 7.03); i.r.

” (film) 2236, 1494 cm™; 'H n.m.1. (300 MHz, CDC],) mixture of diastereomers 10/1; major

CHs%jP:\é; diastereomer 8 0.90 (t, 3H, J=7.5 Hz, H-2"), 1.21 (d, 3H, J= 6.8 Hz, H-1"), 1.88 (dq, 1H,J=7.5,

2

CH.
3

Hf_,b 13.8Hz, H,-1'),2.02 (dq, 1H,J=7.5, 13.8 Hz, H -1'), 2.67 (dq, 1H, J=6.8, 8.2 Hz, H-3), 4.87-

lefs 3y 5.54 (m, 3H, H-4 and H-5), 7.25-7.37 (m, 5H, aryl); *C n.mr. (75 MHz, CDCL,) major
diastereomer § 9.70 (C-2"), 16.21 (C-1"),32.83 (C-1"), 46.64 (C-3), 53.20 (C-2), 116.90 (C-5),
122.13 (C-1), 127.06*, 127.93*, 128.51%, 138.16 (C), 137.97 (C-4). *Ortho, meta and para carbons of the aryl
group; m/z (%) 199 (M*, 7), 117 (100).
4e: (47%), colourless oil; (Found: C, 87.40; H, 7.25; N, 5.23. C H, N requires: C, 87.31; H, 7.33; N, 5.36); i.r.
(film) 2236, 1494 cm™; 'H n.m.r. (200 MHz, CDCL,) § 1.36 (s, 6H, H-1'), 5.19 (dd, 1H, J=0.7, 10.8 Hz, H,-5), 5.26
(dd, 1H,J=0.7, 17.5 Hz, H,-5), 6.07 (dd, 1H, J= 10.8, 17.5 Hz, H-4), 7.25-7.59 (m, 10H, aryl); *C n.m.r. (50 MHz,
CDCL) 826.08 (C-1'), 43.69 (C-3), 60.67 (C-2), 113.80 (C-5), 123.02 (C-1), 127.69 (Cp), 128.04(C_), 129.59(C),
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Ph 1 138.34 (C), 143.81 (C-4); m/z (%) 149 (100), 117 (49).

4f: (60%), colourless oil; (Found: C, 88.07; H, 6.54; N, 5.32. C H N requires: C, 87.99; H, 6.61; N, 5.40); i.r.

(film) 2236, 1494 cm*; 'H n.m.r. (200 MHz, CDCL,) 8 3.98 (t, 1H, J=7.3 Hz, H-3), 5.11
Ph 1 '

Ph CN (dd, 2H, J= 1.3, 17.0 Hz, H,-5), 5.15 (dd, 2H, J= 1.3, 10.6 Hz, H,-5), 5.86 (ddd, 2H, J=
H, 2 Ha 73,106, 17.0 Hz, H-4),7.14-7.75 (m, 10H, aryl); *C n.m.r. (50 MHz, CDCL,) d 54.05
Hy 3% B (C3),56.52(C-2), 119.29 (C-5), 120.85 (C-1), 127.26 (C,), 127.69 (C)), 128.64 (C ),

135.27 (C-4), 138.64 (C); m/z (%) 259 (M*, 6), 165 (100).
4g: (41%), colourless oil; (Found: C, 85.32; H, 8.02; N, 6.71. C H N requires: C, 85.26; H, 8.11; N, 6.63); i.r.
(film) 2236, 1494 cm™'; 'H n.m.1. (200 MHz, CDCl,) § 0.82 (t, 3H, 7.4 Hz, H-2), 1.91
Ha  cH, (dq, 1H,J=7.4, 13.4 Hz, H -1, 2.18 (dq, 1H, J= 7.4, 13.4 Hz, H-1"), 3.16 (dd, 1H, J=
. 1.4,9.0Hz,H-3),4.92 (dd, 1H, J= 1.6, 16.8 Hz, H,-5),4.97 (dd, 1H,J=1.6,10.3 Hz, H,-
N H, 5),5.22(dd, 1H,J=1.6,17.0Hz, H,-2"),5.28 (dd, 1H, J= 1.6, 10.4 Hz, H,-2"), 5.58 (ddd,
\1" 3 H, 1H,J=74,104,17.0Hz H-1"),5.93 (ddd, 1H, J=9.0, 10.3, 16.8 Hz, H-4), 7.24-7.39
(m, 5H, aryl); *C n.m.r. (50 MHz, CDC1,) §9.52(C-2), 31.44 (C-17), 52.48 (C-2), 57.38
(C-3), 118.19(C-5), 119.00 (C-2"), 121.01 (C-1), 126.93 (C)), 127.74 (C)), 128.65 (C,), 135.18 (C-4), 135.59 (C-

1"), 136.46 (C)); m/z.(%) 211 (M*, 3), 67 (100).

General Procedure for the Preparation of Phosphonium Salts 5.

To a solution of the corresponding iminophosphorane 2 (4 mmol) in dry benzene (10 ml) at 5 °C was added
dropwise the appropriate acyl chloride (4 mmol) in the same solvent (5 ml) under nitrogen. The reaction mixture
was allowed to warm at room temperature and then stirred for 4 h. The precipitated solid was separated by filtration
and recrystallized from benzene to give 5.

5a: (37%), m.p. 219-220 °C (colourless prisms from benzene); (Found: C, 74.32; H, 6.37; N, 2.85. C, H, CINOP

requires: C, 74.47; H, 6.25; N, 2.80); L.r. (Nujol) 3200, 1665 cm!; "Hn.m.r (200
H +PPhy  CI MHe, CDCl,) 8 1.54 (s, 3H, H-1"), 1.60 (s, 3H, H-4), 3.59 (ddd, 1H, J=4.3,

4 2 2

CH373'/><N 3 6.5,14.8 Hz, H-1,3.75 (ddd, 1H, J= 5.5, 6.4, 14.8 Hz, H,-1Y), 5.01 (dd, 1H,
AL ) 1=64,6.5 Hz, H2),7.1-1.9 (m, 20H, ary), 8.00 (d, 1H, %, = 12.6 Hz, CH-
v P),9.81(dd, 1H, J= 4.3, 5.5 Hz, NH); C n.m.r. (50 MHz, CDCL,)  17.86 (C-

1"),25.39(C-4'),37.97 (C-1),47.65 (CH-P, 'J=50.8 Hz), 118.16 (C,, 'J=85.5

Hz), 119.64 (C-2"), 128.60 (C-1, 2= 7.0 Hz), 128.65 (C-3, *J= 1.1 Hz), 128.91 (C-4, 5J= 3.3 Hz), 129.69 (C_, *J=

12.7 Hz), 131.00 (C-2,3J=6.1 Hz), 134.47 (Cp, *J=3.1Hz), 134.72(C ,%J= 9.6 Hz), 135.02 (C-3), 165.75 (CO, %)=
1.7 Hz); *P n.m.r (125 MHz, CDCL) 5 24.42; m/z (%) 278 (5), 118 (100).

Sb: (66%), m.p. 95-97 °C (colourless prisms from benzene); (Found: C, 74.65; H, 5.81; N, 2.93. C, H,,CINOP

requires: C, 74.77; H, 5.87; N, 2.81); i.r. (Nujol) 3211, 1670 cm*; 'H

w A2 E , & n.m.r(200MHz,CDCL)83.66 (ddd, 1H,J=5.2,6.2,15.4 Hz, H,-1),3.84

Hmm\(‘\@3 (ddd, 1H, J=6.0, 6.1, 15.4 Hz, H-1'), 4.96 (dd, 1H, J=1.7,9.3 Hz, H,-

* o % 52,5.03(dd, 1H, J=1.7,12.2 Hz, H -5"), 5.47 (ddd, 1H, J=6.0,6.2, 154

Hz, H-2", 5.93-6.26 (m, 2H, H-3' and H-4"), 7.06-7.70 (m, 20H, aryl),

+PPh3 cr
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8.00 (d, 1H, 2], ;= 12.5 Hz, CH-P), 10.00 (dd, 1H, J=5.2, 6.1 Hz, NH); “*C n.m.r. (50 MHz, CDC1,) $41.17(C-1),
47.88 (CH-P, 'J= 51.0 Hz), 116.78 (C-5"), 118.1 (C,, 'J= 85.4 Hz), 128.55 (C-1, J= 7.0 Hz), 128.64 (C-3,J=1.2
Hz), 128.69 (C-2"), 128.98 (C-4, *J= 3.3 Hz), 129.73 (C_, *J= 12.7 Hz), 130.99 (C-2, °J= 6.1 Hz), 132.24 (C-3'),
134.54(C, *I=4.5 Hz), 134.64 (C ,2J=9.8 Hz), 136.23 (C4"), 166.70 (CO, J= 2.0 Hz); *'P n.m.r (125 MHz, CDCL))
324.23; m/z (%) 278 (19), 51 (100).

Sc: (25%), m.p. 108-110 °C (brown prisms from benzene); (Found: C, 69.80; H, 5.27; N, 2.74. C, H,,CLNOP
requires: C, 69.93; H, 5.30; N, 2.63); i.r. (Nujol) 3126, 1670 cm™; 'H
n.m.r (300 MHz, CDCL,)) 6 3.66 (ddd, 1H, J=4.9,6.0, 15.6 Hz, H -1,
3.83(ddd, 1H,J=6.0,6.1,15.6 Hz, H,-1),4.99(d, 1H,J=10.1 Hz,H,-
5",5.05(d, 1H,J=16.9Hz,H, -5, 5.47 (ddd, 1H,J=6.0,6.1,15.1 Hz,
H-2'),5.97-6.23 (m, 2H, H-3', H-4"), 7.13-7.93 (m, 19H, aryl), 8.15(d,
1H,%, ,~ 12.7, CH-P), 9.99 (dd, 1H, J= 4.9, 6.0 Hz, NH) ; “C n.m.r.
(75 MHz, CDCl,) § 41.26 (C-1), 46.94 (CH-P, 'J= 51.4 Hz), 116.95 (C-5"), 117.80(C,, 'J=85.6 Hz), 127.22(C-1,
J=17.1Hz), 128.49 (C-2'), 128.91 (C-3,“J=2.5 Hz), 129.90 (C_, *J= 12.6 Hz), 132.39(C-2, *J= 6.0 Hz), 132.48 (C-
3",134.69 (C_, J=9.6 Hz), 134.74 (Cp, 4J=2.5 Hz), 135.36 (C-4,%]=4.1 Hz) , 136.21 (C-4'), 165.79 (CO, )= 1.5
Hz); P n.m.r (125 MHz, CDCL,) 3 24.18; m/z (%) 278 (7), 77 (100).

5d: (41%), m.p. 98-99 °C (brown prisms from benzene); (Found: C, 72.20; H, 5.53; N, 2.60.C, H,.CIFNOP

317728

requires: C, 72.16; H, 54T;N, 2.71); ir. (Nujol) 3200, 1670 cm™; 'H

e 2 , n.m.r (300 MHz, CDCL) §3.65 (ddd, 1H, J=4.8, 6.1, 15.8 Hz, H.-1,
H"MX:‘, 3 385(ddd, 1H,J=6.0,6.2,15.8 Hz, H,-1'),4.98 (d, 1H, J=11.4 Hz, H-
B* * %o 5,5.03 (d, 1H, J= 17.6 Hz, H. -5, 5.48 (ddd, 1H, J= 4.8, 6.2, 15.0 Hz,

H-2'), 5.98-6.23 (m, 2H, H-3' and H-4"), 6.85 (t, 2H, 3JF_H= 8.4 Hz, H-

3),7.31-7.93 (m, 17H, ary}l), 8.05 (d, 1H, 21?-;{: 12.6 Hz, CH-P), 10.02 (dd, 1H, J=6.0, 6.1 Hz, NH) ; *Cn.m.r. (75

MHz, CDCL) & 40.70 (C-1), 46.42 (CH-P, I, = 51.4 Hz), 115.28 (C-3, *J_ ;= 2.5 Hz, ?J_ = 21.7 Hz), 116.50 (C-

5,117.27(C, I, = 85.6 Hz), 124.04 (C-1,%],, =6.1 Hz,*J, = 3.0 Hz), 128.14 (C-2), 129.47(C_, %] = 12.6 Hz),

131.91(C-3),132.47 (C-2,%] = 6.0 Hz, ], = 8.1 Hz), 134.18 (C,, 3, ,= 9.5 H2), 134.37(C,, ], ,=3.0Hz), 135.75

(C-4"), 162.55 (C-4, SJC_P= 3.5Hz, l.Im,= 249.8 Hz), 165.50 (CO); **P n.m.r (125 MHz, CDCl,) $22.08(d, 1,=3.5

Hz); m/z (%) 278 (41), 277 (100).

Se: (67%), m.p. 120-121 °C (colourless needles from benzene); (Found: C, 76.61; H, 5.78; N, 2.60.

_ C,H, CINOP requires: C, 76.70; H, 5.70; N, 2.56); i.t. (Nujol) 3199, 1676 cm*;

H  +EPhs €l iHnmr(200 MHz, CDCL) §3.72(ddd, 1H,1=4.8,5.9, 15.4 Hz, H,-1), 3.96 (ddd,

3 1H,J=6.0,6.2,15.4 Hz, H,-1'), 5.96 (ddd, 1H, J= 5.9, 6.0, 15.9 Hz, H-2"), 6.38

0 (d, 1H, J=15.9 Hz, H-3"), 7.11-7.92 (m, 25H, ary}), 7.99 (4, 1H, "'JP_H= 12.6 Hz,

CH-P), 10.12 (dd, 1H, J=4.8, 6.2 Hz, NH) ; *C n.m.r. (50 MHz, CDCl,) 541.37

(C-1), 47.77 (CH-P, 'J= 51.2 Hz), 117.75 (C,, 'J= 85.5 Hz), 124.53 (CP), 126.11 (C), 127.02 (C-2"), 127.98 (C,),

128.40 (C-1,%J=6.9 Hz), 128.49 (C-3,4J= 2.8 Hz), 128.84 (C-4,5]=3.2 Hz), 129.53 C,» 3J=12.6 Hz), 130.77 (C-

2,%)=6.1Hz), 131.31(C-3", 134.37 (CP, 4J=2.7Hz), 134.43(C _,%1=9.7 Hz), 136.50 (C)), 165.85 (CO, 2J= 1.8 Hz);
3P n.m.r (125 MHz, CDCl,) 8 24.37; m/z (%) 278 (8), 117 (100).

Sf: (35%), m.p. 220-222 °C (colourless needles from benzene); (Found: C, 72.02; H, 5.24; N, 2.12. C, H, C1, NOP

requires: C, 72.17; H, 5.19; N, 2.40); i.r. (Nujol) 3200, 1676 cm™'; 'H n.m.r (300 MHz, CDCl,) § 3.75 (ddd, 1H, J=

5.1,6.0,15.5 Hz, H -1), 3.96 (ddd, 1H, J=5.9,6.1, 15.5 Hz, H,-1%,5.95 (ddd, 1H,J=6.0,6.1, 15.9 Hz, H-2'), 6.37
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(d, 1H, J=15.9, H-3"), 7.11-7.91 (m, 24H, aryl), 8.09 (d, 1H, 2, ;= 12.7 Hz,
CH-P), 10.09 (dd, 1H, J= 5.1, 5.9 Hz, NH) ; *C n.m.r. (75 MHz, CDCL) 3
41.60(C-1"), 47.08 (CH-P, 'J= 50.9 Hz), 117.67 (C,, 'J=85.6 Hz), 124.49 (C-
2),126.29* (C,), 127.16* (C,), 127.21(C-1,%J=6.6 Hz), 127.22(C), 128.82
(C-3,41= 2.0 Hz), 129.77 (C,, *J= 12.6 Hz), 131.70(C-3"), 132.29 (C-2,*I=
6.1 Hz), 134.58 (C,, )= 10.0 Hz), 134.65 (C,, J= 2.0 Hz), 135.30 (C-4,%J= 4.0 Hz), 136.61 (C), 165.72(CO, J=
1.0 Hz). *Interchangeable; 'P n.m.r (125 MHz, CDCL) § 24.20; m/z (%) 278 (15), 183 (100).
Sg: (68%), m.p. 122-123 °C(coloutless prisms from benzene); (Found: C,74.18; H, 5.41; N, 2.44.C, H, CIFNOP
requires: C, 74.27; H, 5.34; N, 2.47); i.r. (Nujol) 3200, 1678 cm™’; '*H nm.r
, § B O (300MHz,CDCl,)33.75(ddd, 1H,J=5.1,6.1,15.3 Hz, H,-1), 3.97 (ddd, 1H,
P \3/><NYk©i J=6.1,6.4,15.3 Hz, H,-1), 5.96 (dt, 1H, J= 6.1, 15.9 Hz, H-2), 6.40 (d, 1H,
BT J= 159 Hz, H-3), 6.86 (t, 2H, *J_= 8.6 Hz, H-3), 7.18-7.91 (m, 22H, ary),
8.11 (d, 1H, I, = 15.9 Hz, CH-P), 10.10 (dd, 1H, J= 5.1, 6.4 Hz, NH) ; °C
n.m.r. (75 MHz, CDCL) § 41.66 (C-1'), 47.02 (CH-P, ']_ = 51.4 Hz), 115.35 (C-3,*]_,= 2.0 Hz, %] = 21.2 Hz),
117.84 (C, '), = 85.6 Hz), 124.47 (C-1, J_,= 6.6 Hz, *J = 3.5 Hz), 124.62 (C-2), 126.36* (C,), 127.26 (C,),
128.21* (C,), 129.81 (C,, *J, = 12.6 Hz), 131.76 (C-3), 132.92 (C-2, %] = 6.1 Hz, ] = 8.0 Hz), 134.65(C,, J=
3.0 Hz), 134.66 (C,, 2J_,= 9.5 Hz), 136.72 (C), 163.04 (C-4,J_,= 3.5 Hz, 'J_= 249.7 Hz), 165.98 (CO).
*Interchageable; *'P n.m.r (125 MHz, CDCL) & 24.33 (d, %1, = 5.5 Hz); m/z (%) 278 (10), 117 (100).
Sh: (55%), m.p. 175-178 °C (brown prisms from benzene); (Found: C, 74.07; H, 5.43; N, 2.85. C,,H,,CINOP
_ requires: C, 74.12; H, 5.36; N, 2.98); i.r. (Nujol) 3120, 1676 cm™; 'H n.m.r (300
» 1T O MHg,CDCL)§2.00 (dd, 1H, J=2.3, 2.6 Hz, H-3Y, 3.75 (ddd, 1H, J=2.6,5.0, 17.5
3> 1}*@3 Hz,H,-1),3.92(ddd, 1H,J=2.3,6.0, 17.5 Hz, H,-1'),7.12-8.00 (m, 20H, ary1), 8.01
* Y % (d, 1H, 4, = 12.6 Hz, CH-P), 10.28 (dd, 1H, J= 5.0, 6.0 Hz, NH) ; *C n.m.r. (75
MHz, CDCL,) § 29.28 (C-1', *J= 1.5 Hz), 47.72 (CH-P, 'J= 51.4 Hz), 70.84 (C-3),
78.63 (C-2), 118.05 (C,, 'J=85.6 Hz), 128.20 (C-1,J= 9.0 Hz), 128.73 (C-3, “J= 2.5 Hz), 129.13 (C-4, *J=3.0 Hz),
129.84 (C,,, *J= 12.6 Hz), 131.12(C-2, *}=6.1 Hz), 134.62 (C,, *J= 3.0 Hz), 134.75 (C,, ¥J= 10.1 Hz), 166.23 (CO,
2J= 1.5 Hz); *P n.m.r (125 MHz, CDCL) & 24.66; m/z (%) 278 (20), 183 (100).
5i: (51%), m.p. 207-208 °C (colourless needles from benzene); (Found: C,75.85; H, 5.49; N, 2.61. C,,H,,CINOP
requires: C, 75.93; H, 5.60; N, 2.68); i.r. (Nujol) 3199, 1676 cm?; 'H n.m.r (200 MHz,
#Phs € CDCL)84.14(dd, 1H, J=5.0, 15.0 Hz, H), 4.43 (dd, 1H, J=7.1, 15.0Hz, H,), 7.16-
PN 3 7.66(m, 25H, aryl), 7.98 (d, 1H, %], = 12.5 Hz, CH-P), 10.37(dd, 1H,J=5.0,7.1 Hz,
BT g 2 NH); “Cn.mur. (S0 MHz, CDCL) 84335 (CH,), 47.74 (CH-P, 'J= 51.4 Hz), 117.82
(C, 1= 85.6 Hz), 126.58 (C,), 127.54 (C,), 128.04 (C,), 128.44 (C-1, J= 6.8 H2),
128.55 (C-3, “I= 2.6 Hz), 128.92 (C-4,%J= 3.3 Hz), 129.58 (C,_, *J= 12.6 H2), 130.90 (C-2,%J=6.1 Hz), 134.23 (C,,
*J=2.1 Hz), 134.48 (C,,2J= 9.8 Hz), 137.69 (C)), 165.93 (CO, J= 1.7 Hz); *P n.m.r (125 MHz, CDCL,) § 19.94; m/
z (%) 278 (9), 91 (100).
5§: (97%), m.p. 190-191 °C (colourless prisms from benzene); (Found: C,70.00; H, 5.91; N, 2.84. C, H, CINO,P
requires: C, 69.56; H, 5.64; N, 2.70); i.r. (Nujol) 3182, 1750, 1676 c
P j><l|* “I™ 2 o % 'Hnmr(300MHz, CDCL) 8106, 3H, J=7.1 Hz, H-2"),3.80 (dd,
ct N0 <N 3 1H,J=5.6,17.5Hz,H1),3.89(dd, 1H,J=6.3, 17.5Hz, H,-1,4.00(q,
o B G 2 2H,J=7.1Hz, H-1"), 7.11-7.90 (m, 20H, ary]), 8.06 (d, 1H, J, = 12.5

* “PH

4 F
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Hz, CH-P), 10.24 (dd, 1H, J=5.6,6.3 Hz, NH) ; *C n.m.r. (75 MHz, CDC),) $13.80 (C-2"), 41.49 (C-1'), 47.14 (CH-
P, J=51.9 Hz), 60.69 (C-1"), 117.90 (C,, 'J=85.6 Hz), 128.10 (C-1, 2J= 6.6 Hz), 128.52 (C-3, *J= 2.5 Hz), 128.99
(C-4,5¥=3.3 Hz), 129.70 (C,, *J= 12.6 Hz), 131.07 (C-2, °J= 5.5 Hz), 134.49 (C , *J= 4.0 Hz), 134.59 (C,3=10.1
Hz), 166.81 (CO, 2J= 1.5 Hz), 168.20 (C-2); *P n.m.r (125 MHz, CDCL) 3 24.11; m/z (%) 278 (12), 69 (100).
5k: (33%), m.p. 91-92 °C (colourless prisms from benzene); (Found: C, 74.37; H, 6.20; N, 2.75. C, H, CINOP
requires: C, 74.47; H, 6.25; N, 2.80); i.r. (Nujol) 3200, 1676 cm™; 'H
- },{ c” nmr(300 MHz, CDCL) 5 1.48(dt, 2H,J=7.0,7.5Hz, H-2'), 1.97 (dt,
HBMNms 2H, J= 6.0, 7.5 Hz, H-3), 3.00 (ddt, 1H, J=5.3, 7.0, 13.4 Hz, H,-1'),
g, ROU R 3.21 (ddt, H, J=5.3, 7.0, 13.4 Hz, H,-1'), 4.87 (dd, 1H, J= 1.3, 10.1
Hz, H,-5"), 4.92 (dd, 1H, J= 1.3, 15.8 Hz, H,-5"), 5.68 (ddd, 1H, 6.0,
10.1, 15.8 Hz, H-4"), 7.12-7.90 (m, 20H, aryl), 7.95 (d, 1H, %I, = 12.8 Hz, CH-P), 9.89 (1, 1H, J= 5.3 Hz, NH) ; *C
n.m.r. (75 MHz, CDC],) 8 27.84 (C-2'), 30.98 (C-3"), 39.38 (C-1'), 47.91 (CH-P, 'J=51.4 Hz), 114.80(C-5), 118.11
(C,'J=85.1 Hz), 128.62 (C-1,%J= 5.5 Hz), 128.64 (C-3, *J= 3.0 Hz), 128.93 (C-4,]= 3.5 Hz), 129.70 (C_,*J=13.1
Hz), 130.93 (C-2, = 6.0 Hz), 134.50 (C,, J=3.0 Hz), 134.65 (C_,J= 9.5 Hz), 137.64 (C-4), 165.94 (CO, 2= 1.5
Hz); P n.m.r (125 MHz, CDCL) 8 22.91; m/z (%) 278 (42), 277 (100).
51: (30%), m.p. 96-98 °C (colourless prisms from benzene); (Found: C, 73.00; H, 5.87; N, 3.15. C,H,,CINOP
requires: C, 73.12; H, 5.92; N, 3.05); i.r. (Nujol) 3200, 1676 cm™!; *H n.m.r (200 MHz,
H+Ps o CDCL)$1.68 (dd, 3H, J=7.0 Hz, *J, ;= 19.4 Hz, CH,), 4.18 (dd, 1H, J=5.6, 14.8 Hz,
< N\[]/Lcn3 H,),4.37 (dd, 1H, J=6.6, 14.8 Hz, H,), 6.31 (dq, 1H, J=7.0 Hz, %, ;= 11.9 Hz, CH-P),
H™ H o 7.19-7.89 (m, 20H, aryl), 10.36 (dd, 1H, J=5.6, 6.6 Hz, NH) ; *C n.m.r. (50 MHz, CDCL)
814.83 (CH,,2J=3.9 Hz), 34.41 (CH-P, 'J=52.3 Hz), 43.14 (CH,), 117.54 (C,, 'J= 858
Hz), 127.65* (C ), 128.05* (C ), 128.19(C)), 129.76 (C , *J= 12.6 Hz), 133.97 (C,*1=9.8Hz),134.47(C,,J=3.0
Hz), 137.70(C), 167.70 (CO, 2J= 2.5 Hz). *Interchangeable; 3P n.m.r (125 MHz, CDCl,) $27.04; m/z (%) 278 (22),
183 (100).

General Procedure for the Preparation of Phosphoranes 8.

To a solution of sodium carbonate (10 g, 94.3 mmol) in water (100 ml) was added the corresponding
phosphonium salt § (2.5 mmol). The resultant suspension was stirred at room temperature for 24 h. The solid was
filtered, washed with water (20 ml), and air-dried. The solid was treated with benzene (20 m!) and filtered. The
filtrate was concentrated to dryness and the residual material 8 was used without further purification in the next step.

8a: (89%), m.p. 122-124 °C (yellow solid); i.r. (Nujol) 3432, 1562 cm*; 'H n.m.r (200 MHz, CDCL) § 1.57 (s,

3H, H-1"), 1.64 (s, 3H, H-4'), 3.75 (dd, 2H, J= 4.5, 6.7 Hz, H-1"), 4.64 (t, 1H,

4 2 }|{ 2 J=4.5Hz,NH),5.14(t, 1H, J=6.7 Hz, H-2'), 6.88-7.71 (m, 20H, aryl); *C n.m.r.

C“’WNij@:* (50 MHz, CDC,) § 17.88 (C-1"), 25.67 (C-4), 37.83 (C-1', “I= 2.1 Hz), 49.34

o o s (C=P,'J=134.9Hz), 123.23 (C-2), 124.61 (C-4,°J=2.1 H2), 127.92 (C-3,]=

1.3Hz), 128.16 (C,_, *J=12.6 Hz), 129.11(C,, 'J=91.0 Hz), 131.00 (C,, J=2.9

Hz), 133.48 (C-3"), 133.73 (C_, 2J= 9.3 Hz), 135.28 (C-2, *J= 4.3 Hz), 138.66
(C-1,2J= 12.8 Hz), 171.01 (CO, U= 12.7 Hz); *'P n.m.r (125 MHz, CDCL,) 8 15.94; m/z (%) 278 (8), 51 (100).

8b: (83%), m.p. 114-115 °C (brown solid); i.r. (Nujol) 3350, 1562 cm™'; 'H n.m.r (200 MHz, CDCL,) §3.84 (1,
2H, J=5.9 Hz, H-1"), 4.80 (t, 1H, J= 5.9 Hz, NH), 4.98 (d, 1H, J= 9.7 Hz, H,-5), 5.11 (d, 1H, J= 16.3 Hz, H,-5"),
5.70(dt, 1H,J=5.9, 14.9 Hz, H-2"), 6.03-6.40 (m, 2H, H-3' and H-4"), 6.92-7.71 (m, 20H, aryl); *C n.m.r. (75 MHz,
CDCL,) 8 42.24 (C-1',J= 2.1 Hz), 49.57 (C=P, 'J= 134.4 Hz), 115.65 (C-5"), 124.89 (C-4, J= 1.5 Hz), 128.00 (C-
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3,47=1.3 Hz), 128.21 (C,,,*J= 12.1 Hz), 128.36 (C-2), 128.81 (C, J=91.3
Hz), 13106 (C,, “J= 2.7 Hz), 131.96 (C-3), 133.66 (C,, J)= 9.6 Hz),
135.32(C-2, J=4.2 Hz), 136.91(C4"), 138.35 (C-1, = 12.8 Hz), 170.54
(CO,%J= 11.8 Hz); *'P n.m.r (125 MHz, CDCL) & 16.24; m/z (%) 278 (44),
277 (100).
8c: (79%), m.p. 84-86 °C (brown solid); i.r. (Nujol) 3216, 1559 cm’; 'H n.m.r (300 MHz, CDCL,) 8 3.82 (dd,
2H, )= 5.4, 5.6 Hz, H-1), 4.72 (t, 1H, J= 5.4 Hz, NH), 5.01 (d, 1H, J=
w. L2 E ]i’ T Z 10.0 Hz, H,-5"), 5.12 (d, 1H, J= 16.6 Hz, H-5), 5.69 (dt, 1H, J=5.6,
)5/\3/\1/ 3 14.9Hz, H-2), 6.05-6.30 (m, 2H, H-3' and H-4"), 6.96-7.69 (m, 19H,
Hy ) Ne &YD; °C nmr. (75 MHz, CDCL) § 41.28 (C-1), 48.85 (C=P, 'J=
135.5 Hz), 115.94 (C-5), 128.37 (C,, J= 12.1 Hz), 128.43 (C,, 'J=
91.7 Hz), 128.60 (C-2), 131.06 (C,, *T=2.5 Hz), 131.31 (C-3, “J= 2.5 Hz), 131.98 (C-4, *J=3.5 Hz), 132.01 (C-3),
133.62 (C,, %= 9.5 Hz), 136.34 (C-2, *J= 4.5 Hz), 136.81 (C-4), 137.02 (C-1,?J= 12.6 Hz), 170.43 (CO, %= 11.0
Hz); *'P n.m.r (125 MHz, CDCL) 8 16.27; m/z (%) 278 (41), 67 (100).
8d: (75%), m.p. 91-93 °C (yellow solid); i.r. (Nujol) 3455, 1559 cm!; *H n.m.r (300 MHz, CDC),) 8 3.84 (dd,
2H, J= 5.1, 5.3 Hz, H-1'), 4.65 (t, 1H, J= 5.3 Hz, NH), 4.99 (d, 1H, J=
e 2z B 10.1 Hz, H,-5), 5.12(d, 1H, J= 169 Hz, H,-5'), 5.70(dt, 1H, J=5.1,15.2
“"7/\/\/” 3 Hz,H-2),6.06-6.34 (m, 2H, H-3 and H-4), 6.69 (t, 2H, ], ;= 8.1 Hz,
s ¥ v o5 . H-3),7.00-7.58 (m, 17H, ary); “C n.m.r. (75 MHz, CDCL) 8 41.27 (C-
" 19,48.28 (C=P, T_,= 135.5Hz), 114.79(C-3, "= L.OHz,2]_ =215
Hz), 115.79 (C-5), 128.28 (C,, *J,.,= 12.1 Hz), 128.57 (C-2)), 128.58 (C, 'I,,=91.2 Hz), 131.18 (C,, I, ;= 2.1 Hz),
132.00 (C-3'), 133.67 (C,, 2. ,= 9.5 Hz), 134.13 (C-1, %] = 12.6 Hz, *T, = 2.0 Hz), 136.84 (C-4), 136.93 (C-2,
3], =43 Hz, "] = 7.8 Hz), 160.76 (C-4,J_,= 2.0 Hz, "I ;= 245.2 Hz), 170.68 (CO, 4 ;= 12.1 Hz); P n.m.r (125
MHz, CDCL) § 16.43 (d, T, = 3.7 Hz); m/z (%) 278 (20), 117 (100).
8e: (86%), m.p. 105-106 °C (yellow solid); i.r. (Nujol) 3426, 1563 cm’; *H n.m.r (300 MHz, CDCL,) 3.95 (dd,
2H, J= 5.6, 5.9 Hz, H-1), 4.88 (t, 1H, J= 5.9 Hz, NH), 6.21 (dt, 1H, J= 5.6, 15.9
s ,  Hz,H-2),643(d, 1H,}= 159 Hz, H-3),6.93-7.63 (m, 25H, aryl); *C n.m.r. (75
A NjH\DB MHz, CDCL) 841.68 (C-1',*J=17.8 Hz), 49.65 (C=P, 'J= 138.0 Hz), 124.86 (C-
"o 2 4,51=1.5Hz), 126.21* (C,), 126.99 (C), 128.01 (C-3,= 1.1 Hz), 128.18 (C,
17=90.1 Hz), 128.19(C,,, *J= 12.1 Hz), 128.40* (C,)), 129.30 (C-2'), 129.55 (C-
3), 131.04 (C,, “J= 3.0 Hz), 133.63 (C,, = 9.6 Hz), 135.31 (C-2, J= 4.1 H2), 137.43 (C), 138.34 (C-1, U= 12.6
Hz), 170.71 (CO, %= 12.2 Hz). *Interchangeable; *'P n.m.r (125 MHz, CDCL,) 6 16.31; m/z (%) 278 (14), 117 (100).
8f: (70%), m.p. 43-45 °C (yellow solid); i.r. (Nujol) 3217, 1557 cm’; 'H n.m.r (300 MHz, CDCL) 63.96(t, 2H,
J=6.0 Hz, H-1'),4.80 (br s, 1H,NH), 6.19(dt, 1H, J=6.0, 15.6 Hz, H-2)), 6.42

s 0 3 (d, 1H, J= 15.6 Hz, H-3), 7.00-7.28 (m, 24H, aryl); °C n.m.r. (75 MHz,
AN 3 CDCL)841.79(C-1',J= 1.5 Hz), 48.94 (C=P, 'J= 135.9 Hz), 126.24* (C)),
Yoo g 12625%(C,),127.13(C)), 128.36 (C,, J= 12.6 Hz), 128.41 (C, 'J=83.1 H2),

129.87 (C-2), 131.44 (C-3"), 131.95 (C-4,51=3.0 Hz), 131.98 <, ‘J=1.5Hz),

132.05 (C-3,*J= 1.5 Hz), 133.61 (C,, 2J=9.1 Hz), 136.63 (C-2, *J= 2.0 Hz), 137.00 (C-1, *J= 12.0 Hz), 137.29(C),
170.71 (CO,?J= 11.1 Hz). *Interchangeable; P n.m.r (125 MHz, CDCL) 8 16.32; m/z (%) 278 (5), 117 (100).

8g: (84%), m.p. 108-110 °C (yellow solid); i.r. (Nujol) 3216, 1566 cm'; 'H n.m.r (300 MHz, CDCL,) 53.95 (dd,
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2H,J=5.3,5.7Hz,H-1),4.73 (t, 1H, J=5.7Hz,NH),6.21 (dt, 1H,J=5.3,15.8

H PPh:
m. . ) Hz, H-2),6.43 (d, 1H, J= 15.8 Hz, H-3), 6.70 (¢, 2H, °], = 8.5 Hz, H-3), 7.02
N 3 (, 2H, ‘I, = 6.2 Hz, H-2), 7.18-7.69 (m, 20H, aryl); *C n.m.r. (75 MHz,
3 1 FH
o “~p CDCL)541.80(C-1',*]_=2.0Hz),48.45 (C=P, )= 134.96 Hz), 114.84 (C-

3,4,=0.5 Hz,J_ = 20.2 Hz), 126.24* (C,), 127.10(C)), 12831 (C,, "I~
12.1 Hz), 128.58* (C,), 129.00(C,, I, = 92.1 Hz), 129.14 (C-2), 129.76 (C-3"), 131.22(C,, *J.,= 2.5 Hz), 133.07
(C,, . ,=9.6Hz),134.04 (C-1,%]_,= 12.1 Hz,*]_ = 3.0 Hz), 137.06 (C-2,%) ,=4.0Hz,*]_ = 7.6 H2), 137.37(C),
160.81 (C-4, *J = 2.3 Hz, 'J = 245.1 Hz), 170.79 (CO, ¥, ,= 11.6 Hz). *Interchangeable; *'P n.m.r (125 MHz,
CDCL) § 16.51 (d, T, .= 3.7 Hz); m/z (%) 278 (43), 277 (100).
8h: (80%), m.p. 106-108 °C (brown solid); i.r. (Nujol) 3437, 1555 cm™'; '"H n.m.r (300 MHz, CDCl,) 5 2.09 (¢,
1H,J=2.4 Hz,H-3),3.98(dd, 2H, J= 2.4, 5.4 Hz, B-1'),4.82(t, 1H, J= 5.4 Hz, NH),
» 7 ™, 694771 (m, 20H, aryl); °C n.m.r. (75 MHz, CDCL) § 29.42 (C-1', “J= 2.0 Ha),
3'\/ka©3 50.11 (C=P, J= 132.5 Hz), 69.68 (C-3'), 82.77 (C-2", 125.62 (C-4, 5J= 1.0 Hz),
Yo s 128.06(C-3,47=0.7 Hz), 128.27(C,,, J= 12.1 Hz), 128.49 (C,, }=91.2 Hz), 131.18
(C,,J=2.5Hz), 133.71(C,, J=9.6 Hz), 135.82(C-2,*J= 4.6 Hz), 138.00 (C-1, 3=
12.5 Hz), 170.32 (CO, 2= 12.1 Hz); *P n.m.r (125 MHz, CDCL,) 8 16.74; m/z (%) 278 (19), 149 (100).
8i: (80%), m.p. 98-100 °C (brown solid); i.r. Nujol) 3432, 1562 cm*; 'H n.m.r (200 MHz, CDCL,) § 4.38 (d,
2H, J=6.0 Hz, CH,), 5.10 (t, 1H, J= 6.0 Hz, NH), 6.92-7.67 (m, 25H, aryl); “C n.m.r.
o E 2 (50 MHz, CDCL,) § 43.47 (CH,,, I= 2.0 Hz), 49.76 (C=P, 'J= 134.3 Hz), 124.82 (C-4,
~ %3 $J= 2.1 Hz), 126.32 (C)), 127.36 (C,), 127.95 (C-3, “J= 1.6 Hz), 128.06 (C,), 128.18
o % (C,,*J=12.1Hz),128.83(C,, 'J=91.0Hz), 131.05(C,,*J=2.9 Hz), 133.65(C,, 7J=9.5
Hz), 135.20 (C-2,%J= 4.4 Hz), 138.23 (C-1,%J= 12.4 Hz), 141.76 (C), 170.72(CO,%J)=
11.6 Hz); P n.m.r (125 MHz, CDCL) & 17.94; m/z (%) 278 (45), 277 (100).
8j: (66%), m.p. 115-117 °C (brown solid); i.r. (Nujol) 3454, 1755, 1568 cm*; 'H n.m.r (200 MHz, CDCL,) § 1.23
(t, 3H, J=7.1 Hz, H-2"), 3.94 (d, 2H, J= 6.0 Hz, H-1'), 4.14 (q, 2H, ]= 7.1
. L‘? ¥ Hz,H-1"),5.14(, 1H,J=6.0 Hz, NH), 6.93-7.62 (m, 20H, aryl); *Cn.m.r.
e o 3 (50 MHz, CDCL) § 14.19(C-2"),41.91 (C-1',J= 2.0 Hz), 49.88 (C=P, 'I=
4 r m 133.6 Hz), 60.55 (C-1"), 124.97 (C-4,%J=2.2 Hz), 128.01 (C-3, *J= 1.4 Hz),
128.23(C,,*J=12.1Hz), 128.37(C, 'J=91.3 Hz), 131.11(C,, J=2.9 Hz),
133.64 (C,, *J= 9.6 Hz), 135.30 (C-2, *J= 4.2 Hz), 136.89 (C-1, 2J= 12.1 Hz), 170.84 (CO,%J= 11.8 Hz), 172.28 (C-
2'); ¥P n.m.r (125 MHz, CDCL) § 14.31; m/z (%) 278 (43), 277 (100).
8k: (75%), m.p. 72-74 °C (yellow solid); i.r. (Nujol) 3441, 1562 cm’; 'H n.m.r (300 MHz, CDCL) 6 1.49 (g,
. 2H, J=7.0 Hz, H-2'), 2.04 (dt, 2H, J= 6.6, 7.0 Hz, H-3'), 3.17 (dt, 2H, J=
CoW P 6.0, 7.0 Hz, H-1'), 4.76 (1, 1H, ]= 6.0 Hz, NH), 4.88 (dd, 1H, J=1.3, 10.1
Hy j/é\)\/ N 5 HzH,-5),494(dd, 1H,J=1.3,17.1 Hz,H -5", 5.78 (ddd, 1H, J= 6.6, 10.1,
H.s- ¥ ooy m 17.1 Hz, H-4"), 6.93-7.04 (m, 20H, aryl); °C n.m.r. (75 MHz, CDC),)
30.22(C-2),31.41 (C-3", 39.22 (C-1',*J= 1.5 Hz), 49.36 (C=P, 'J= 136.5
Hz), 114.28 (C-5"), 124.76 (C-4, 5]= 2.0 Hz), 128.01 (C-3, *I= 1.0 Hz),
128.24 (C,, *J= 12.1 Hz), 129.10 (C,, J=91.7 Hz), 131.04 (C,, *J=3.0 Hz), 133.73 (C,, *J= 9.6 Hz), 135.37 (C-2,
*J=4.6Hz), 138.82 (C-1,%=12.0Hz), 138.84 (C-4), 171.06 (CO,?J= 11.6 Hz); *P n.m.r (125 MHz, CDCL) § 15.90;
m/z (%) 278 (46), 277 (100).
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General Procedure for the Preparation of 4-Pentenenitriles 9.

The phosphorane 8 (1 mmol) was heated under nitrogen at a temperature slightly above its melting point (90-
140 °C) (Scheme 4) for 10 min. After cooling the residual product was chromatographed on silica gel colunm,
eluting with n-hexane/ethyl acetate (9:1) to give 9. '

9a: (55%), colourless oil; (Found: C, 84.15; H, 8.05; N, 7.61. C,,H,Nrequires: C, 84.28; H, 8.16; N, 7.56); i.r.

) (Nujol) 2237, 1495 cm™; *H n.m.r (200 MHz, CDC),) 8 1.13 (s, 3H, H-1'), 1.14 (s, 3H, H-

Ph CN - 1), 3.62 (s, 1H, H-2), 5.00 (d, 1H, J= 17.4 Hz, H,-5), 5.10 (4, 1H, J= 10.7 Hz, H,-5), 5.85

relsg? 5™ (dd, 1H,J=107, 17.4 Hz, H-4),7.22-7.35 (m, SH, aryl); ®C n.m.r. (50 MHz, CDCL,) 524.47

<;',H3 3y b (C-1Y), 24.88 (C-1"), 40.47 (C-3), 49.04 (C-2), 114.42 (C-5), 119.97 (C-1), 128.18 ).
128.20 (C), 129.52 (C_), 132.80 (C)), 143.06 (C-4); m/z (%) 182 (6), 117 (100).

9b: (57%), colourless oil; (Found: C, 85.13; H, 7.22; N, 7.58. C,H,,Nrequires: C, 85.21; H, 7.15; N, 7.64); i.r.

(Nujol) 2242, 1494 cm™*; 'H n.m.r (300 MHz, CDCL,) 8 3.21 (dt, 1H, J=6.4, 7.3 Hz, H-

Phe _oN 3),3.90(d, 1H, J=6.4 Hz, H-2), 5.03-5.22 (m, 4H, H-5, H,-5, H,-2 and H,-2"), 5.80 (ddd,
oo T2 5™ 1H,1=73,103,17.0 Hz, H-1), 5.82 (ddd, 1H, J=7.3, 103, 17.0 Hz, H-4), 7.26-7.40
B N3N TH (m, SH, aryl); °C nm.r. (75 MHz, CDCL) § 42,92 (C-2), 52.44 (C-3), 118.26 (C-5),

119.05 (C-21), 119.38 (C-1), 128.27 (C D 128.32* (C), 128.84* (C)), 133.66 (C),
134.83 (C-4), 136.02 (C-1'). *Interchangeable; m/z (%) 183 (M*, 6), 67 (100).
9c: (29%), colourless oil; (Found: C, 71.62; H, 5.50; N, 6.49. C H, CIN requires: C, 71.72; H, 5.56; N, 6.43);
i.r. (Nujol) 2243, 1495 cm’; 'H n.m.r (300 MHz, CDCL) 5 3.18 (dt, 1H, I=6.1,7.3
Hz,H-3),3.87(d, 1H, J=6.1,H-2),5.06 (dd, 1H,J= 1.2, 17.1 Hz,H-5), 5.15 (dd, 1H,
J=1.2,17.1Hz,H,-2), 5.20(dd, 1H, J= 1.2, 10.3 Hz, H,-5), 5.21 (dd, 1H, J=1.2, 10.3
Hz,H,-2),5.78 (ddd, 1H, J=7.3, 10.3,17.1 Hz, H-4), 5.80 (ddd, 1H,J= 7.3, 10.3, 17.1
Hz, H-1') 7.21-7.37 (m, 4H, aryl); *C n.m.r. (75 MHz, CDCL,) 5 42.39 (C-2), 52.40
(C-3), 118.55 (C-5), 118.89 (C-1), 119.33 (C-2"), 125.22 (C-4"), 129.07* (C-2"),
129.66* (C-3"), 132.23 (C-1"), 134.54 (C-4), 135.70 (C-1"). *Interchangeable; m/z
(%) 217 (M*, 11), 67 (100).
9d: (69%), colourless oil; (Found: C, 77.48; H, 6.16; N, 6.90. C;H,,FN requires: C, 77.59; H, 6.01; N, 6.96);
ir. (Nujol) 2243, 1512 cm; 'H n.m.r (300 MHz, CDC),) § 3.18 (dt, 1H, J=6.1,7.3 Hz,
H-3),3.88 (d, 1H, J=6.1 Hz, H-2), 5.06 (dd, 1H, J= 1.2, 17.1 Hz, H -5), 5.14 (dd, 1H,
J=1.2,17.1Hz,H -2, 5.20(dd, 1H, J=1.2, 10.3 Hz, H,-5), 5.21 (dd, 1H, J= 1.2, 10.3
Hz,H,-2%,5.78 (ddd, 1H, J=7.3, 10.3, 17.1 Hz, H-4), 5.80 (ddd, 1H, J= 7.3, 10.3, 17.1
Hz, H-1') 7.02-7.28 (m, 4H, aryl); *C n.m.r. (75 MHz, CDC),) 5 42.19(C-2), 52.50 (C-
3),115.82(C-3",%)_ = 21.7Hz), 118.41 (C-5), 119.15(C-1), 119.17 (C-2'), 129.54 (C-
1,47, = 3.5 Hz), 130.00 (C-2",>] . =8.1 Hz), 134.67 (C-4), 135.78 (C-1"), 162.54 (C-
4",1] . .= 247.7 Hz); m/z (%) 201 (M*, 5), 67 (100).
9e: (60%), colourless oil; (Found: C, 87.43; H, 6.53; N, 5.92. C,,H,Nrequires: C, 87.52; H, 6.48; N, 6.00); i.r.
(Nujol) 2237, 1497 co’; 'H n.m.r (300 MHz, CDCL,) mixture of diastereomers 1/1 3 3.69 (1,
Ph (1:N 1H, J= 7.7 Hz, H-3), 3.73 (t, 1H, J= 7.5 Hz, H-3), 4.06 (d, 1H, J= 7.7 Hz, H-2), 4.14 (d, 1H,
:E)(H' J=17.5Hz, H-2), 5.11 (d, 2H, J= 17.1 Hz, H.-5), 5.17 (d, 1H, J= 10.3 Hz, H-5), 5.25 (d, 1H,
3 Hy J=10.3 Hz, H,-5),6.05(ddd, 1H, J=7.5, 10.3, 17.1 Hz, H-4), 6.23 (ddd, 1H, J=7.7, 10.3, 17.1
Hz, H-4), 7.09-7.30 (m, 20H, aryl); *C n.m.r. (75 MHz, CDCL,) mixture of diastereomers 5
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43,93 (C-2),44.26 (C-2), 54.53 (C-3),57.17(C-3), 118.17 (C-5), 119.06 (C-5), 119.58 (C-1), 119.70 (C-1), 127.46
(Cp), 127.66 (C e 127.92*, 128.09 (CP), 128.16%, 128.20 (C), 128.38*, 128.42%, 128.58*, 128.66*, 128.68*,
128.72*, 133.80 (C), 134.16 (C), 135.78 (C-4), 136.60 (C-4), 138.64 (C), 139.47 (C). *Ortho and meta carbons
of the phenyl groups; m/z (%) 129 (14), 117 (100).

9f: (25%), colourless oil; (Found: C, 76.35; H, 5.22; N, 5.30. C H ,CIN requires: C, 76.26; H, 5.27; N, 5.23);
ir. (Nujol) 2243, 1495 cm!; 'H n.m.r (300 MHz, CDCL,) mixture of diastereomers 1/
183.65 (t, 1H, J=8.1 Hz, H-3),3.70 (1, 1H, J= 7.0 Hz, H-3), 4.05 (d, 1H, J=8.1 Hz,
H-2),4.13(d, 1H,J=7.0 Hz, H-2), 5.10 (dd, 1H, J= 1.3, 17.0 Hz, H,-5), 5.17 (dd, 1H,
J=1.3,17.0Hz,H,-5), 5.21 (dd, 1H,J=1.3, 10.3 Hz, H,-5), 5.28 (dd, 1H,J=1.3, 10.3,
H,-5), 6.04 (ddd, 1H, J="7.0, 10.3, 17.0 Hz, H-4), 6.21 (ddd, 1H, J=8.1,10.3, 17.0 Hz,
H-4),7.01-7.70 (m, 18H, aryl); *C n.m.r. (75 MHz, CDCL,) mixture of diastereomers
8 43.47 (C-2), 43.77 (C-2), 54.52 (C-3), 55.23 (C-3), 118.62 (C-5), 119.24 (C-1),
119.39 (C-1), 119.41 (C-5), 127.73 (C), 127.91 (C), 127.96*, 128.46*, 128.78*, 128.93*, 128.94*, 128.96*,
129.58%*, 129.80%*, 132.37 (C-4"), 132.75 (C-4), 134.22 (C-1", 134.35 (C-1"), 135.59 (C-4), 136.28 (C-4), 138.31
(C), 139.11 (C). *Ortho and meta carbons of the aryl groups; m/z (%) 267 (M*, 6), 117 (100).

9g: (59%), colourless oil; (Found: C, 81.18; H, 5.69; N, 5.65. C ,H  FN requires: C, 81.25; H, 5.62; N, 5.57);
ir. (Nujol) 2243, 1510 cm’; 'H n.m.r (300 MHz, CDCL,) mixture of diastereomers 1/
18 3.65 (t, 1H, J= 7.5 Hz, H-3), 3.70 (t, 1H, J= 7.1 Hz, H-3), 4.04 (d, 1H, J=7.5 Hz,
H-2),4.13(d, 1H, J=7.1 Hz, H-2),5.08 (d, 1H, J=17.0 Hz, H -5), 5.13 (d, 1H,J=17.0
Hz, H -5), 5.18 (d, 1H, J=10.3 Hz, H,-5), 5.25 (d, 1H, J= 10.3, H,-5), 6.04 (ddd, 1H,
J=17.1, 10.3, 17.0 Hz, H-4), 6.21 (ddd, 1H, J=7.5, 10.3, 17.0 Hz, H-4), 6.90-7.28 (m,
18H, aryl); *C n.m.r. (75 MHz, CDCL,) mixture of diastereomers 5 43.20 (C-2), 43.49
(C-2),54.56(C-3), 55.29 (C-3), 115.66 (C-3',2J . = 21.7 Hz), 115.64 (C-3',2J] . = 21.7
Hz), 118.40 (C-5), 119.18 (C-5), 119.41 (C-1), 119.58 (C-1), 127.56 (C)), 127.77 (C)), 127.90*,128.38*, 128.65*,
128.78*, 129.63 (C-1',J_ ;= 3.5 Hz), 129.87 (C-2',*J .= 8.8 Hz), 129.93 (C-1', J . = 3.5 Hz), 130.08 (C-2, %] =
8.1 Hz), 135.69 (C-4), 136.33 (C-4), 138.40 (C), 139.14 (C), 162.34 (C-4', '] = 247.3 Hz), 162.45 (C-4', ') =
247.3 Hz). *Ortho and meta carbons of the phenyl groups; m/z (%) 134 (15), 117 (100).
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