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It has been found that the lithium 1,3-diaminopropane (X) can be u~ed for generation of non
-stabilized ylides from alkyltriphenylphosphonium salts. These ylides with aldehydes alford 
olefins in moderate yield with high Z-stereoselectivity. The reaction conditions were studied. 

The synthesis of many compounds bearing double bonds was often based on the 
Wittig reaction because of the fact that this reaction could be used for preparation 
of desired geometrical isomers by changing reaction conditions onlyl ,2. Much effort 
was devoted to the study of different factors having an influence on EIZ ratio i.e. 
the type of base used4, the character of alkyl groups attached to the phosphorus atom 
of ylideS or aldehyde3- S , the influence of solvent3.4.6 •7 and presence of soluble 
inorganic salts4,S. It was found that the highest Z-stereoselectivity was easily achieved 
by using of polar aprotic solvents3.6 •7 or techniques where the soluble inorganic 
salts were not presentS •S- lO (lithium salt free conditions), or by using of instant 
ylidesll •12• 

As a rule, the super bases derived from 1,3-diaminopropane which were used for 
isomerisation of triple bond (zipper reaction l3) are easily accesible and even more 
these amines are known to have strong solvatation effect which would influence 
favourably the stereoselectivity of the Wittig reaction. These facts encouraged us to 
investigate the capability of these bases to generate unstabilized ylides from alkyl
triphenylphosphonium salts and to influence the stereoselectivity of their reaction 
with aldehydes. The results are given in the Table I. 

All these reactions were performed at sufficiently low temperatures (below - 70°C) 
in order to decrease the amount of E isomer in the reaction mixture4 •s irrespective 
of the other conditions influencing the stereoselectivity. When carried out at ooe, 
the reaction mixture contained higher amount of the E isomer (see Table I, entry 
5 -7). Besides of the lithium 1,3-diaminopropane base, butylIithium was used for 
every combination of the aldehyde-ylide pair (see Table I). ButylIithium is reffered 
to give the mixture with often prevailing E isomer and these mixtures were used for 
identification of both E and Z isomers in question (by comparing of both 1 H NMR 
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and GLC data). Hexamethylphosphorous triamide which was added to the solvent 
gave the product with higher amount of E isomer unlike that of the same reaction 

TABLE I 

Preparation of olefins XIII - XIX 
- --------- ---~ ._-- -----------, - ~--------

Ratio Yieldc 
Entry Aldehyde Ylide DCa Base Solvent Producth 

% 
%E %Z 

---,------- _ .. _---------

I VI -78 X THF XIII 3'5 96'5 43 
2 I VI -78 XI THF XIII 6'1 93'9 36 
3 I VI -78 XII THF XIII 8'9 91'1 41 
4 I VI -78 BuLi THF XIII 60'5 39'5 46 
5 I VI 0 X THF XIII 25'8 74'2 52 
6 I VI 0 XI THF XIII 0 0 0 
7 I VI 0 XII THF XIII 0 0 0 
l--d I VI -78 X THFjHMPT XIII 12'5 87'5 13 
') I VI 78 XI THF/HMPT XIII 33·3 66'7 35 

10 I VI -78 XII THF/HMPT XIII 0 0 0 
11 I VI -78 X ether XIII 16·4 83'6 42 

12 I VI -78 XI ether XIII 9'6 90'4 15 
13 I VI --78 XII ether XIII 10'5 89'5 25 
14" I VI -78 X THF XIII 14'9 85·1 47 
151 I VI -78 X THF XIII 10'2 89'8 35 
16 I VII -78 X THF XIV 6'0 94'0 66 
17 I VII 78 Xl THF XIV 0 0 0 
1~ I VII -78 XII THF XIV 0 0 0 
I') I VII -78 BuLi THF XIV 32'7 67·3 60 
20 III VII -78 X THF XV 1· 3 %'7 31 
21 III VII -78 BuLi THF XV 12·4 87'6 39 
229 V VII -78 X THF XVI 17'6 82'4 32 

239 V VII -78 BuLi THF XVI 21'0 79'0 32 
24 IV VIII -78 X THF XVII 87·4 12'6 56 
25 IV VIII - 78 BuLi THF XVII 81·4 18'6 61 
26h II IX -78 X THF XVIII 7·0 93'0 31 
27 i II IX -78 X THF XVIII 5'0 ')5'0 43 
28 II IX --78 BuLi THF XVIII 33'3 67·7 55 
2yj IV IX --78 X THF XIX 8 92 33 
30j IV IX 78 BuLi THF XIX 20 80 57 

a The aldehyde was added to the ylide at this temperature; b see Experimental; C isolated yield; 
d THF-HMPT mixture (3: 1); e sonication 5 min at -78°C; I 0'9M solution of lithium 1,3-di-
aminopropane in I,3-diaminopropane was used; 9 (IOZ,12E)-isomer; h the inorganic salts were 
removed by centrifugation; i crystalline Wittig salt was used; j the ratio of isomers was determined 
by means of 1 H NMR spectroscopy. 
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where the butyllithium as a base was used and the high stereo selectivity was ex
pected7 • When the diethyl ether instead of tetrahydrofuran was used as a solvent 
the stereoselectivity was also low (11-13). Sonication of the reaction mixture led 
to the decrease of stereo selectivity and the same was observed when the diluted 
solution of lithium 1,3-diaminopropane was used (14, 15). The presence of insoluble 
inorganic salts when removed by means of centrifugation did not seem to have any 
effect on stereoselectivity (26). Using of alkyltriphenylphosphonium salts in crystaline 
state is more suitable (1-15, 27). 

R-CHO 

I,R=4-tolyl 

II, R = CH3 

III, R = CH 2CH3 

IV, R = (CH2)9CH3 

v, R = CH=CHCH3 

SCHEME 1 

+ (C6Hs)3P(+)CH2R' Br

VI, R'= (CH2)3CH3 

VII, R'= (CH2)90H 

VIII, R'= C=CSi(CH3)3 

IX, R'= (CH2)70H 

X,M=Li 
XI, M= Na 
xn, M= K 

X-XII .. R-CH=CH-R' 

XIII, R = 4 -tolyl i R' = (CH2)3CH3 

XIV, R = 4-tolyl , R'= (CH2)90H 

XV, R = CH 2CH3 ; R'= (CH2)90H 

XVI, R = CH=CHCH3 i R'= (CH2)90H 

XVII, R = (CH2)9CH3 i R'= C=CSi(CH3)3 

XVIII, R = CH3 i R'= (CH2hOH 

XIX, R = (CH2)9CH3 i R'= (CH2)7 0H 

Our results summarized in Table I allowed us to suggest the influence of other 
factors on the course of the Wittig reaction. In lower alifatic and aromatic aldehydes 
(Scheme 1, R = methyl, ethyl, 4-tolyl) the reaction with high yield of Z-isomer 
was observed. When the aldehyde IV was used as a substrate, the GLe method of 
isomer separation failed (see refY), therefore the gross ratio of E and Z isomers 
was determined by interpretation of 1 H NMR spectra (29, 30). When (E)-2-butenal 
was used as a substrate there was practically no difference in composition of isomers 
considering the base used (22,23), even when the decrease of stereoselectivity in 
similar cases was also reporteds. 

The effect of alkyl group of alkyltriphenylphosphonium bromide i.e. the length 
and presence of ro-functional groups seems to be negligible (1, 16). Using the phos
phonium salt VIII we obtained a product where the E isomer prevailed (24, 25). 
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This fact is not surprising because ylides (generated from VIII) are known to react 
t r a ns-stereos pecifically 14. 

There is a very interesting effect depending on the cation used (X -XII). The 
highest stereoselectivity was obtained when lithium 1,3-diaminopropane as a base 
was used in contrary to the generally accepted theory. There is well known fact 
that the soluble lithium halogenides which are generated during the reaction de
crease4 "erythro (cis) selectivity of adduct forming step" affecting the final ratio 
of isomers in the product. One can hence accept an explanation that in our case the 
originated lithium saIts solvated with 1,3-diaminopropane thus preventing the 
complex to interfere in the transition state. 

We can conclude that 1,2-disubstituted olefins can be obtained with better then 
95% Z-stereoselectivity when the reaction is performed in tetrahydrofuran at - 78°e 
and when lithium 1,3-diaminopropane is used as a base. The reaction can be used 
i.a. for the synthesis of aliphatic unsaturated pheromones. 

EXPERIMENTAL 

1 H NMR spectra were measured on a spectrometer Varian XL-200 (200'01 MHz, FT mode) 
in deuterochloroform using tetramethylsilane as internal standard. Chemical shifts (in ppm) 
and coupling constants (in Hz) were determined by first-order analysis. The 1 H NMR data of 
E-isomers were obtained by the analysis of the mixture of isomers. IR spectra were taken on 
UR-20 spectrometer (Zeiss, Jena) in tetrachloromethane and the wave-numbers are given in 
cm -1. Mass spectra were taken on a ZAB EQ (VG Great Britain, EI 70 eV) apparatus. For 
determination of E and Z isomers the HP 5890 GLC device was used (0'3 mm i.d. X 25 m fused 
silica column coated with HP-5 phase, nitrogen 0'3 ml/min). For dissolving of alkyltriphenyl
phosphonium salts the ultrasonic cleaner (TESLA UC005AI, 38 kHz, 35 W) was used. Separa
tion of products was performed using column chromatography (Gebr. Herrmann silicagel, 
60-160 11m, F.R.G.) and the fractions were checked using Silufol foils (Kavalier, Czecho
slovakia) with subsequent KMn04 detection. All reactions and handlings were performed under 
dry argon. 1,3-Diaminopropane was dried by refluxing with benzene and then by distilling over 
calcium hydride. Lithium, sodium and potassium 1,3-diaminopropanes were prepared according 
to refs13,16. Butyllithium (I'6M solution in hexane) was a commercial product. Tetrahydrofuran 
was freshly distilled from sodium benzophenone ketyl. 

General Procedure for Preparation of Olefins 

The alkyltriphenylphosphonium bromides were prepared according to ref. 12 and known amount 
of this compound was dried using 13 Pa vacuum at 100°C for 1 h just before use. This amount 
was then covered with tetrahydrofuran (3 ml), sonicated at room temperature until the all 
amount becomes an emulsion. To a stirred emulsion of alkyltriphenylphosphonium bromide 
(I mmol) at -78°C and under argon, 2·7M solution of lithium, sodium or potasium 1,3-diamino
propane in 1,3-diaminopropane (2'17 mmol) was added dropwise during IS min. During this 
time the orange color of yielding ylide appeared. The stirring was continued for 30 min at -78°C 
and then the reaction was warmed up to room temperature. After stirring at this temperature 
for I h the reaction mixture was cooled to the -78°C again and the solution of aldehyde (I mmo\) 
in tetrahydrofurane (3 ml) was added dropwise. After this the reaction mixture was warmed 
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up to O°C (about 20- 30 min) slowly decomposed with water (250 Ill) and finally worked up 
by extraction with the mixture of light petroleum-ether (3 : 1), then brine and dried over magne
sium sulfate. The compounds were chromatographed on silicagel (10 fold excess) using light 
petroleum-ether (3 : 1) as a mobil phase, and solvent evaporated. The products were dried 
using 13 Pa vacuum at 60°C for 30 min. Yields are given in Table I. 

(Z)- I -( 4-Methyl)phenyl- I -hexen (XIII) 

For C 13 H 1S (174'3) calculated: 89'59% C, 10'42% H; found: 89'32% C, 10'45% H. IR spectrum: 
801, 816, 840, 3010, 3020, 3085. Mass spectrum, m!z: 174 (M+), 131 (100%), 118, 105, 91. 
IHNMR spectrum of (Z)-isomer: 0'89t, 3H (3 X H-6,J~6,5)= 7'1); 1'23-1'52m, 4H 
(2 x H-5,2 X H-4); 2'32 dq, 2 H (2 X H-3, J(3, 1) = 2'0; J(3, 2) = J(3, 4) = 7'2); 2'34 bs, 
3 H (CH3 -arom.); 5-61 dt, 1 H (H-2, J(2, 1) = 11'6; J(2, 3) = 7·2); 6'35 dt, 1 fl (H-l, J(I, 2) = 

11'6; J(I, 3) = 2'0); 7'00m, 4 H (4 X H-arom.). IH NMR spectrum of (E)-isomer: 0'92 t. 
3 H (3 X H-6, J(6, 5) = 7'1); 1'30-1'53 m, 4 H (2 X H-4,2 X H-5); 2'19 dq, 2 H (2 X H-3, 
J(3, I) = 1'0; J(3, 2) = J(3, 4) = 6'9); 2'31 bs, 3 H (CH3 -arom.); 6'15 dt, 1 H (H-2, J(2, 1) = 

c 15'9; J(2, 3) ~= 6'6); 6'34 bd, 1 H (H-I, J(I, 2) = 15'9); 7'05-7'26 m, 4 H (4 X H-arom.). 

(Z)-II-(4-Methyl)phenyl-10-undecen-l-01 (XIV) 

For C1s H 2S O (260'4) calculated: 83'02% C, lO'84H H; found: 82'94% C, 10'60% H. IR spectrum: 
969, 1056, 1650, 3050,3090,3640. Mass spectrum, m!z: 260 (M+), 149, 131, 105, 82, 69, 55 
(100%),41. IH NMR spectrum of (Z)-isomer: 1,18- 1'55 m, 14 H (2 X H-2,2 X H-3,2 X H-4, 
2 X H-5, 2 X H-6, 2 X H-7, 2 X H-8); 2·24 dq, 2 H (2 X H-9, J(9, 10) = J(9, 8) = 7'2; 
J(9, 11) = 1'9); 2'26 bs, 3 H (CH3 -arom.); 3'55 t, 2 H (2 X H-I, J(1, 2) = 6'6); 5'53 dt, I H 
(H-IO, J(IO, 9) = 7'2; J(10, 11) = Il'8); 6'28 dt, 1 H (H-I 1,1(11,9) = 1'9; J(lI, 10) = Il'8); 
6·98-7'21 m, 4 H (4 X H-arom.). IH NMR spectrum of (E)-isomer: 1'18-1'55 m, 14 H 
(2 ;< H-2, 2 X H-3, 2 X H-4, 2 X H-5, 2 X H-6, 2 X H-7, 2 X H-8); 2'11 bq, 2 H (2 X H-9, 
J(9, 8) = J(9, 10) = 6'8); 2·24 bs, 3 H (CH3 -arom.); 3'55 t, 2 H (2 X H-l, J(I, 2) = 6'5); 
6'07 dt, 1 H (H-IO, J(10, 9) = 6'5; J(10, 11) = 15-8); 6'27 bd, 1 H (H-Il, J(11, 10) = 15-8); 
6'98-7'21 m, 4 H (4 X H-arom.). 

(Z)-IO-Tridecen-l-ol (XV) 

For C 13 H 26 0 (198'4) calculated: 78'72% C, 13'21% H; found: 77'32% C, 13'64% H. IR spectrum: 
1057, 1070, 1650, 3010,3080, 3640. Mass spectrum, m/z: 198 (M+), 180, 165, 138, 124, 109, 
96, 82 (100%), 68, 55. 1 H NMR spectrum of (Z)-isomer: 0'88 t, 3 H (3 X H-13, J(13, 12) = 

·6'9); 1'15-1'40m, 14H (2 X H-2, 2 X H-3, 2 X H-4, 2 X H-5, 2 X H-6, 2 X H-7, 2 X 
H-8); 1·95 m, 4 H (2 X H-9 and 2 X H-12); 3'57 t, 2 H (2 X H-I, J(I, 2) = 6'6); 5'34 m, 2 H 
(H- 10, H-l1). 1 H NMR spectrum of (E)-isomer: 0'88 t, 3 H (3 X H-13, J(13, 12) = 6'9); 1'15 to 
1·40 m, 14 H (2 X H-2, 2 X H-3, 2 X H-4, 2 X H-5, 2 X H-6, 2 X H-7, 2 X H-8); 1'95 m, 
4 H (2 X H-9, 2 X H-12); 3'57 t, 2 H (2 X H-I, J(1, 2) = 6'6); 5'27 m, 2 H (H-lO, H-II). 

(IOZ, 12E)-IO, 12-Tetradecadien-l-01 (XVI) 

For C14H26 0 (210'4) calculated: 79'94% C, 12'46% H; found: 79'76% C, 12'40% H. IR spec
trum: 727,950,987, 1656,3020,3640. Mass spectrum, m!z: 210 (M+), 192, 163, 149, 135, 121, 
110,95,68 (100%),55. lH NMR spectrum: 1'24-1'32 m, 14 H (2 X H-2,2 X H-3, 2 X H-4, 
2 X H-5, 2 X H-6, 2 X H-7, 2 X H-8, 1'56 m, 2 H (2 X H-2); 1·77 dd, 3 H (3 X H-14' 
J(14, 12) = 1'6; J(14, 13) = 6'6); 2'15 bq, 2 H (2 X H-9, J(9, 8) = J(9, 10) = 7-3); 3-64 t 
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2 H (,2 x H-I, J(I, 2) = 6'5); 5'28 bdt, I H (H-IO, J(lO, 9) = 7'4; J(IO, II) = 11-0); 5'66 bdq, 
I H (H-13, J(13, 12) = 15'0, Jd3, 14) = 6'6); 5'93 bt, I H (H-II, J(lI, 10) = J,II, 12) = 11'0); 
6'32 m, I H (H-12, J(l2, 10) = 1'2; J(l2, I J) = 11'0; J(l2, 13) = 1:'0; J112, 14) = 1-6). 

(E)-I-Trimethylsilyl-3-tetradecen-l-yn (XVII) 

For C t 7H3ZSi (264'5) calculated: 77'19% C. 12'19% H; found: 76'69H C, 11'91% H. IR spec
trum: 855, 956, 2 138, 2 150, 2 180, 3 025, 3 312. Mass spectrum, m/ z: 264 (M + ), 249, 190. 177, 
163,149, 135, 121, 107,93,79 (100%),67. IH NMR spectrum: 0'18 s, 9 H «CH3hSi); 0'88 t, 
3 H (3 x H-14, J(14, 13) = 6'5); 1'22-12'8 m, 16 H (2 x H-6,2 x H-7, 2 x H-8, 2 x H-9, 
2 X H-IO, 2 X H-II, 2 X H-12, 2 X H-13); 2'10 bq, 2 H (2 X H-5, J(5, 3) = 1-6; J,5, 4) = 

= J(5, 6) = 6'9); 5'49 dt, I H (H-3, J(3, 5) = 1'6; J;3, 4) = 16'0); 6·22 dt, I H (H-4, J(4, 3) = 

= 16'0; J(4, 5) = 6'9). 

(Z)-8-Decen-l-ol (XVIII) 

For ClOHzoO (156'3) calculated: 76'85% C, 12'90% H; found: 76'24% C, 12'45% H. IR spec
trum: 705, 1040, I 105, 1651,3080,3640. Mass spectrum, m/z: 156 (M+), 138, 115, 109,95, 
82,68, 55 (100%),41. 'H NMR spectrum: 1'24-1,28 m, 10 H (2 X H-2,2 X H-3, 2 X H-4, 
2 X H-5); 1'53 bd, 3 H (3 X H-IO, J(IO, 9) = 5'2); 2'01 m, 2 H (2 X H-7); 3'57 t, 2 H (2 X H-I, 
J(I, 2) = 6'5); 5'33 m, 2 H (H-8, H-9). 

(Z)-8-Nonadeccn-I-ol (XIX) 

For C 19 H3SO (282'5) calculated: &Q'7!1% C, 13'56% H; found: !l0'62% C, 13'56% H. IR spec
trum: 725, 1050, 1652, 3010, 3070, 3640. Mass spectrum, m/z: 282 (M+), 264, 236, 222, 208, 
194, 180, 169, 152, 138, W9, 96, !l2 (100%), 69, 55, 43. 1 H NMR spectrum: 0'&9 t, 3 H (3 ~< H-19, 
J(19, 18) = 6'6); 1'25-1'29 m, 26 H (2 X H-2, 2 X H-3,2 X H-4, 2 X H-5,2 X H-6,2 X 4 H-II, 
2 X H-12, 2 X H-I3, 2 X H-14, 2 X H-15, 2 X H-16, 2 X H-17, 2 X H-18); 2'03 bq, 4 H 
(2 X H-7, J(7, 6) = J(7, 8) and 2 X H-IO, J(10, 9) = J(10, 11) = 6'6); 3'65 t, 2 H (2 X H-I, 
J(I, 2) = 6'6); 5'35 m, 2 H (H-8, H-9). 

The authors are indebted to Prof. Dr H. J. Bestmann, University of Erlangen, F.R.G., for 
valuable discussion of this topic and Dr J. Smolikovd, Institute of Organic Chemistry and Bio
chemistry, Czechoslovak Academy of Sciences for interpretation ofIR spectra. 
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