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t4bottac.t. N-Methqe-N-p~opahgqeaminodiethyephohphin~ heahhangeh npontaneoubeq 

Ath P-N band cleavage to N-methqe-Z-3-diethqephohph,&o-2-phopeMae imine; the 

cohteoponding aminodiphenqLphoophin& behaven nimiLahLq but tnivaLent phopahgq.t- 

amino diaLkoxq OK diamino phonphokub compoundo a&e btabLe. 

The rearrangement of trivalent propargyloxy phosphorus compounds to 

allenic products (eq. 1) is a well known reaction. 
l-3 

A similar rearrangement 

has been observed for a few thio analogues, 4,5 but two nitrogen analogues, 

X P-0-CR'R2CXH 
2 

-> x2peEH=C=CR1R2 

prepared from (Et012PC1 and propargylamines, did not rearrange even at 100 
01 
. 

We have investigated the reactions of various trivalent chloro phosphorus 

compounds with N-methylpropargylamine and present here evidence for a new 

rearrangement whichoccurs in certain cases. 

A series of trivalent chloro phosphorus compounds (la-e) was treated with 

N-methylpropargylamine in ether in the presence of triethylamine. The products 

(Scheme) were the trivalent propargylamino phosphorus compounds (2a-c) when 

phosphorus contained electronegative substituents (OR, NR2), and these did not 

rearrange, in accordance with Mark's results. 
1 

Thus (2a) could be purified by 

vacuum distillation (308, b.p. 45-46O/O.5 mm Hg, 
4 
JHH 2.4 HZ), 2.76 (NCH3, d, 3JpH 

6p 143.6 6, 2.20 (?CH, t, 

8.8 Hz) in CDC13). In the case of Et2PC1 (Id), 

the trivalent product (2d) could be observed by NMR (6p 67.6 in C6D6) and gave 

(3d) ("p 83.8 in C6D6) when trapped with S8, but (2d) rearranged during a few 

hours at 25O. According to NMR the rearranged product was N-methyl-Z-3-diethyl- 

phosphino-2-propenal imine (4d). 
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Ye 
X$=-Cl + HNCH$=CH 

(la-e) 

Ye 
XzP-N-CH$zCH -u--++ XZP-CH=CH-CH=NMe 

(20 -e) We) 

I S8 I s8 

s Ye s 
X2P-N-CHzC=CH XZP-CH=CH-CH=NMe 

(30-e) (We) 

1-5 a b C d e 
X Et0 Me+-0 Me2N Et Ph 

Evidence for the structure of this unexpected rearrangement product (4d) 

is i) the high-field phosphorus chemical shift (6P 
1 

-39.1 in C6D6) and the 

second order H NMR ethyl signals are in accordance with a trialkylphosphine; 6,8 

this is corroborated by the reaction of (4d) with S8 to give (5d) ("P 45.4 in 

ii) the NMR coupling between phosphorus and the N-methyl hydrogens is C6D6); a 
small ( JPH 0.4 Hz) in contrast to that in (2a-e) t3JPH 7-9 Hz) showing that 

the P-N bond of (2d) is absent in (4d); iii) three low-field one proton signals 

are seen, one of which (6H 8.78) in the characteristic low-field region of 

aldimines; 
7. 

1~) the P-C=C-H coupling is large i3JpH 19.3 Hz) corresponding to a - 

trans coupling, 
8 

cis coupling; 8,9 
and the H-C=C-H coupling constant f3JHH 11.8 Hz) agrees with a 

1) the 
13 C NMR spectrum (in C6D6) corroborates the proposed 

structure, showing three sp2 carbon doublets (6C 161.3, 143.8 and 142.3 (ref. 

TMS), JpC 22, 13 and 25 Hz, resp.), a N-CH3 singlet (AC 48.2) and two doublets 

from P-Et (6C 20.9 and 9.9, JpC 10 and 13 Hz, resp.). 

Diphenylchlorophosphine (le) reacted similarly with N-methylpropargylamine 

to give (2e) ("p 66.9 in ether) which quickly rearranged to (4e) (Ap -28.3 in 

ether). The structural similarity of (4e) to (4d) is shown by the low-field 
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signal from an imine CH proton (bH 8.77) and the narrow N-CH3 multiplet signal, 

but a full assignment of the 
1 
H NMR spectrum could not be made because the 

phenyl group signals partly covered the CH=CH signals. Addition of S8 to (4e) 

gave (5e) (6, 69.8 in C6D6). 

The rearrangement of (2d,e) to (4d,e) conceivably proceeds via addition 

of a proton and the phosphino group to the triple bond to give a cyclic phos- 

phonium intermediate (I), followed by a base catalyzed elimination to give the 

product: 

kle 

H\ /H 
C=c\ cNEt3 

H, /H c=c 
+/ 

x2q p, 
I \ 

N-H 
- X2P C-H 

N@ 
I I 

Me Me 

W,e) (1) We) 

The weaker P-N bond, compared to a P-O bond, 
10 

could be the reason why the P-N 

bond i cleaved here, whereas the C-O bond is cleaved in the oxy analogues to 

give allenic products. Also, a P=O bond (in the allenic product) is stronger 

than a P=N bond (in a corresponding allenic product here). 
IO 

In accordance with the above mechanism only the more nucleophilic phos- 

phines (2d,e) rearrange, and only Z-isomers (4d,e) are observed. 

Work is in progress to establish the scope of this novel rearrangement 

and to find evidence for the postulated intermediate (I). 

Experimental. 

A solution of N-methylpropargylamine (10 mmol) in dry ether (2 ml) was 

added dropwise with stirring to a solution of the trivalent chloro phosphorus 

compound (1 a-e) (10 mmol) and triethylamine (12 mmol) in ether (50 ml) at 0-5O 

under nitrogen. After 1 h the suspension was filtered and the solvent removed 

in vacua to give the crude propargylamino product (2a-d) or the rearranged -- 

product (4e). Addition of S8 to the ether solution and refluxing for 0.5 h 

followed by evaporation of the solvent gave crude (3a-d) or (5e) which in part 

was purified by vacuum distillation (3a,b) or recryst. from pentane (3~). (3a): 

30% yield, b.p. 71-72O/O.5 mm Hg, 6p 75.3, 6H 2.81 (NCH3, d, 
3 
JpH 10.4 HZ), 2.26 
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(ECH, t, 4J HH 2.4 Hz) in CDC13. (3b): 40% yield, b.p. 114-1150/0.5 mm Hg, SP 

82.3, 6H 4.05 (CH2, dd, 3JPH 13.3, *JHH 2.4 Hz), 2.88 (NCH3, d, 3JPH 11.1 Hz), 

2.32, (ECH, t, 4JHH 2.4 Hz), 1.55 and 1.43 (CCH3, s) in CDCl 

26.5-21°, 6P 81.4, 6H 3.96 (CH2, dd, 3JPH 11.7, 4JHH 
3' (3c): 40% yield, 

m.p. 2.4 Hz), 

d, 3JPH 9.8 Hz), 2.65 (Me2N, d, 3JPH 11.7 Hz), 2.27 (XH, t, 4JHH 

2.78 (NCH3, 

2.4 Hz) in 

CDC13. In the case of (2d), the filtered ether solution was kept overnight at 

room temperature and then evaporated to give the crude, rearranged product (4d) 

which was purified by vacuum distillation (40% yield, b.p. 40-410/0.5 mm Hg). 

Full 'H NMR data for (4d): 6, 8.78 (CH=N, dddq, 4JPH 3.7, 4JHH 0.9, 3JHH 8.9 

and 1.7 HZ), 6.99 (C=CH-C, dad, 3JPH 19.3, 3JHH 8.9 and 11.8 Hz), 6.05 (P-CH=C, 

dddq, 2JpH 5.1, 6JHH 0.6,4JHH 0.9, 3JHH 11.8 Hz), 

6JHH 0.6, 4JHH 

3.23 (NCH3, ddd, 6JpH 0.4, 

1.7 Hz) in C6D6. 

References. 

1. V. Mark in B. S. Thyagarajan (ed), Mechanisms of Molecular Migrations, John 

Wiley & Sons, Inc., N. Y. 1969, Vol. 2, p. 319. 

2. Ch. M. Angelov, M. Kirilov and B. I. Ionin, Zh. Obshch. Khim., 1979, 49, 1960 

3. M. Kirilov, Ch. M. Angelov, Ch. Zh. Christov and S. Kostova, C. r. Bulg. Acad 

g., 1979, 32, 615 (Chem. Abstr., 1980, 92, 22562m). 

4. V. N. Pastushkov, Yu. A. Kondratiev, S. V. Ivin, E. S. Vdovina and A. S. 

Vasiliev, Zh. Obshch. Khim., 1968, 38, 1407. 

5. A. N. Pudovik and E. M. Faizullin, Zh. Obshch. Khim., 1968, 2, 1908. 

6. S. 0. Grim, W. McFarlane and E. F. Davidoff, J. Org. Chem., 1967, 32, 781. 

7. D. Y. Curtin, E. J. Grubbs and C. G. McCarthy, J. Amer. Chem. Sot., 1966, 88, - 

2775. 

8. S. 0. Grim, R. P. Molenda and J. D. Mitchell, J. Org. Chem., 1980, 5, 250. 

9. W. A. Anderson, R. Freeman and C. A. Reilly, J. Chem. Phys., 1963, 2, 1518. 

10. S. B. Hartley, W. S. Holmes, J. K. Jacques, M. F. Mole and J. C. McCoubrey, 

Quart. Rev., 1963, 11, 204. 

(Received in UK 25 January 1983) 


