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Stir stlidies of the addition of RPX2'AlX3 compisxes to [l,n]-dienes' brought us to consider 

a comparable reaction with 3,3-djsubstituted-1,4-pentadicnes (2). The particularity of compound 

3 arises from its special structure: on one hand t 1 incorporates in itself a branched, a-substi. 

tuted double bond which, on reacting with the dihalophospbane complex, is supposed to enable the 

closure to a phosphetane. 
2 
However, on the other hand, i also contains a 1,4-diene which under 

similar conditions has been shown previously to yield either a phosphorinane or a phospha- 

bicyclo[3.1.0]hexane system. lb It was thus of special interest to find out what would be the 

actual products of 2 following the discussed reaction, 

Addition of 3,3-dimethyl-1,4-pentadiene (aa)3 to a preformed complex of PhPC12*A1C13 
4 
in 

CH2C12 at r.t., followed by quenching in aq. NaHCG3 solution s gave two main products (4 and 2) 

which could be separated by chromatography: compound 2, b.pmO o5 lOOa, C13H170P, vale" 2960, 

1440, 1400, 1175, 1115, 750, 690 cm-l (~25%); and compound $"b.p.o "5 lOSO, 

2960, 2930, 2860, 1460, 1440, 1200, 1165, 1115, 1000, 915 cm-' (n120%). 

C13H170P, vznet 

On the basis of their 

spectral data, the structures supgestzd for compounds 2 and 2 are 6,6-dimethyl-3-oxo-3-phenyl-3- 

phosphabicyclo[3.1.O]hexane and 2,2-dimethyl-1-oxo-1-phenyl-3-vinylphosphetane, respectively. 

Compound 2: mass spectrum m/e (0): 220 (100, M+)$ 205 (49, [M-CH3]+), 125 (22, PhsOH), 95 (12, 

[M-PhPOH]+) and 77 (22, Ph+); lH-NMR (6, CDC13, 90 MHz): 

m (6H); 13C-NMR (6, CDC13, 22.63 MHz, PND)? 

0.94s (CH3), 1.12s (CH3) and 1.15-3.0 

14.7s (Me), 22.ld (Jp_c=2.9 Hz, C-l(S)), 26.3s 

(C-6), 27.6s (Me) and 27.7d (Jp_c=69 tiz, C-2(4)). 

Compound 2: mass spectrum m/e (%): 220 (17, M+), 165 (40, [M-C4H7]+), 125 (17, PhsCH), 77 (20, 

Ph+) and 69 (100, CH2=CHC(CH3)2+); 'H-NMR (6, CDC13, 270 i+lz)6: 0.94d 
3 

3 
( Jp_H=20 Hz, CH3), 1.37d 

( Jp_H='p6 Hz, CH3), 2.40m (H-3), 2.73 ddd 
2 

2 
( Jp_H= 17,9, JH(4)_H(4,)=15 and J 

H-4), 2.97 ddd7 ( Jp_H=9.7, 
H(4) -Hi3)=lfs5 HzD 

JH(4)_H(4,)=15 and JH(4,)_H(3)=8.3, H-4'), 5.72 dddd ( Jp_H-l.l, 

JH(3)_H(7)"7.2 , JH(7)_H(8t)‘m ad JH(~)_~(~ =18, H-71, W d (JHt71_Hc81=18, H-81, 5.20 d 
(JH(7)_H(8,)=10.5, H-8s), and 7.4-8.1 m (Ph); la C-NMR (6, CDC13, 22.63 Wlz, PND)5: 52.0 d 

(Jp_c=63 Hz, C-2), 39.5 d (Jp_c=10 Hz, C-3), 34.2 d (JP_c =54 Hz, C-4), 17.3 s (C-5), 23.4 s 

(C-6), 135.2 d (Jp_c =29 Hz, C-7) and 117.2 s (C-8). 

A possible mechanism which accounts for the formation of products z and 2 is summarized in 

Scheme 1. 

The unique feature of the adduct (g) initially obtained from the attack of the dihalophos- 

phane complex on one of the double bonds of Aa is its homoallylcation structure (~1.~ Ion g 

can undergo a variety of transformations, starting from different isomeric ions, as is illustra- 

ted in Scheme 1 (i.e., g-++, g-+g 
8c 

or p-+) * Compounds ; and 2, obtained in ca. 20-25% each, 
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are accompanied by a polymeric substance which accounts for an additional 50% of the material. 
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There is no indication Nhatsoever that compound 4 is obtained in this reaction, the 

rationale for which may be sought in the easier rearrangement of the electron-rich vinyl group 

compared to the methyl group. However, when one of the two 

group (as in 3-methyl-3-phenyl-1,4-pentadiene (Lb)) the g+i 

primarily (vide infra) D 

The stereochemistry of compound z was elacidated with 

(Table l), 

Table 1 

methyls is replaced by a phenyl 

route (Scheme 1) takes place 

the help of an LIS experiment 

Observed Proton 65 (PPm) a JH_HiW 
H-l 2.4 d 6 
H-2$ 3.4 d 16.5 
H-2a 6.1 dd 6; 16,5 

LISb 

l”3 
2J= 7‘5 3.5 
2J=16.5 8.0 

a. Observed chemical shift for Eu(fod)3/Sub.=0.48, P-atom decoupled. 6 b. A6 for Eu(fod)3/Sub.=la 

Measurement of $ 
HlHzS and +H&r (the proper dihedral angles between the vicinal protons) 

from a Drieding model of z gave values of -90” and -3O”, respectively, for which coupling con- 

stants of 0 and 5-7 Hz, respectively, should be observable, Indeed, such values could be 

measured after addition of the shift reagent (Table 19. Since A6 (H2d) >A6 (H2S) , the P=O bond 

must be oriented to the same side as HZa; i.e., trans to the cyclopropane ring. 
9 

A trans relationship between the vinyl and the phenyl groups of compound 2 is suggested 

according to the 3J p_C7 value (29 Hz); the corresponding values measured from the spectra of 

the two isomers of l-phenyl-2,2,3-trimethyl-phosphetane-l-oxide are 16 and 28 Hz for the cis 

and trans isomers, resepctively, 
10 

Employing the same procedure as described above, we were able to isolate a phosphetane (2) 
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by mixing equal molar amounts of PhPC12 eAlC13 with 3-methyl-3-phenyl-1,4-pentadiene (2:). 

Compound 2 was obtained in ca. 5% yield by repeated chromatographies of a three-component 

mixture, which was obtained in ca. 40% yield from the reaction. 
11 

Compound 2, C18H190P is obtained, with a purity of at least 95%, as a very hygroscopic 

crystalline material; mass spectrum m/e (%): ZU(O.l,M+), 

125 (23, PhfiOH) and 77 (100, Ph+); 'H-NMR (6, CDC13, 

170(48),143(3O,[CH2=CH-C(CH3)=CPh+]), 

270 iWz): 1.24 d (Jp_H=16.7 Hz, CH3), 

3.13-3.25 m (3H), 4.95 dd (=CH2), 

H-6)7 and 7-l-8.0 m (2 Ph). 

5.62 ddd (JH(6)_H(73=17.3, JH(6)_H(7,)=10.9, Jp_H(6)=7 Hz, 

The double irradiation experiment of 2 confirmed unequivocally the 

proposed structure and excluded the 2-methyl-2-phenyl-3-vinylphosphetane - the analog of compound 

3. 5 A possible mechanism leading to compound 2, which involves a phenonium ion, is illustrated 

in Scheme 2. To the best of our knowledge, this is the first example of a phony1 migration 

leading to a phosphetane ring. 

Ph Me 

M- l 

PhhCl X 
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- _Yhtix_ 22 phe 
bh 5 bh 

= lb = 
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4 

Applying the dihalophosphane complex on 3-methyl-1,4-pentadiene gave only unidentified material. 

Mixing of compound 4 with the PhPBr2 - AlBr3 complex in CH2C12 resulted in compounds 2 

and 9 as with the chloro complex. 
12 

However, if the reaction was performed in CH2Br2 instead of 

CH2C121 a new compound (2) was the a:most exclusive product (ca. 60% yield). 
13 

No trace whatso- 

ever of compounds ;, 2 or 4 could be detected. Compound 2 was purified, after esterification 

with CH2N2, as its Me-ester 2: bpo.; 90°, C14H2102P' 'max neat 2960, 1690, 1480, 1465, 1440, 1230, 

1120, 1030, 790, 750, 700 cm-l; mass spectrum, m/e (%): 252 (47, M+), 237 (9, [M-CH3]+), 169 

(45, [PhP(0)OMeCH2]+), 156 (100, Ph$(OH)OMe), 155 (57, PhsOMe), 125 (7, Ph$OH), 97 (12, 

[M-PhP(O)OMe]+), 77 (71, Ph+); 'H-NMR (6, CDCP3, 90 Wz): 0.90 d (J=6.8 Hz, two Me’s of iPr), 

1.28 d (Jp_H=3.8, Me-C=), 2.2 hep. (J=6.8 Hz, H of iPr), 2.71 dd (J,_,=19, JH_H=7.9, CF12-P), 

3.67 d (Jp_H=ll, 0CH3), 5.2 dt (Jp_H=7.6, J=7.9 Hz, =CH) and 7.65m (Ph); "C-NMR (6, CDC13, 

22.63 MHz, PND)5: 21.3 s (Me's of iPr). 30.4 d (Jp c 

(Jp_c=6, CH30-P), 110.4 d (Jp_c=8.8, HC=).14 

_ =98 Hz, CH2P), 37.1 s (s-C=), 51.3 d 

The structure of compound 2, ccncluded from the spectral data of ,7, as well as the proposed 

mechanism leading to this compound are illustrated in Scheme 3: 

la P-k& gx_ fj+_Me_IllyH20 j-(:2o “i”- 
Ph Br Ph Br :PPh(Br) Ph(Br) P=O H Ph(OR) PsO 

(X-EAlBr4-) g 
B 2 R=H 

7 R=CH3 = 
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Quenching of the cyclobutyl carbonium ion (k) may involve an oxidation-reduction step in which, 

on one hand, the trivalent phosphorus is oxidized to the corresponding oxide (PI’), while on 

the other hand, the cyclobutyl cation (which is better illustrated by its homoallylic resonance 

No. 1 

hybrid) is reduced to the proper olefin. 15,16,17 

The relatively crowded phosphorus atom in intermediate g (Scheme 3) in comparison to 6 

(Scheme 1) may reduce the possibility of intermediate g’s closure to compounds such as 9 and f 

(Scheme 1) and thus encourage the rearrangement of g t, L0 Cyclization of the latter ion to a 

phosphetane is unlikely as it would result in a very tense bicyclo[2.2.0]hexane system. 

Additional observations concerning the quenching of similar intermediates are now under further 

investigation. 
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