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The [4 + 21 P-P bonded dimer of 3,4-dimethyl-2H-phosphole has the endo geometry with long, weak P-P 
and C-C bridges between the two phosphole units; it can therefore act as generator of monomeric 
3,4-dimethyl-2H-phosphole at ca. 100 "C and gives the expected [4 + 21 and [2 + 41 cycloadducts with 
diphenylacetylene and 2,3-dimethylbutadiene. 

In a recent communication,l we described the protonation of 
phosphole anions which, instead of leading to the expected 
IH-phospholes, gave 2H-phosphole [4 i- 21 P-P bonded 
dimers such as (1). The formula of (1) was deduced primarily 
from a combination of 'H, 13C, and 31P n.m.r.,data but we 
were unable to establish whether the stereochemistry at the 
P-C junction was endo or exo. Thus, an X-ray crystal structure 
analysis of (1) seemed highly desirable and was carried 0ut.t 
The most significant data are given in the caption to Figure 
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Scheme 1. Reagents and conditions: i, room temp.; ii, toluene, 
reflux, 6 h, then s8; iii, 16 h, 130 "C. 

'r Crystal data: C12H18P2, M = 224.23, monoclinic, a = 9.598(3), 
b = 8.420(3), c = 7.487(3) A, p = 93.98(2)", U = 603 A3, 
dobs = 1.24 0.002 g ~ m - ~ ,  Z = 2, dcalc. = 1.234 g ~ m - ~ ,  
space group P2, (No. 4), Cu-K, (1.5415 A) radiation, p = 
29.72cm-l, Fooo = 240. Tntensity data were collected with a 
Philips PW 1100/16 diffractometer using the 8/28 flying step- 
scan technique. The intensities of 1756 reflections were measured 
within 0.045 < sinB/h <0.543. The structure was solved using 
the heavy atom method and refined by full matrix least-squares 
techniques using the 835 unique reflections having F 2  < 3u(F2) .  
The final values of R,(F) and &(F) are 0.049 and 0.064, respec- 
tively, after determination of the absolute configuration. The 
estimated standard deviation of a unit weight observation is 1.66. 

The atomic co-ordinates of this work are available on request 
from the Director of the Cambridge Crystallographic Data Centre, 
University Chemical Laboratory, Lensfield Road, Cambridge 
CB2 IEW. Any request should be accompanied by the full  
literature citation for this communication. The structure factor 
table is available as Supplementary Publication No. SUP. 23467 
( 5  pp.) from the British Library Lending Division. For details 
see Notice to Authors No. 7, J .  Cheni. Soc., Dnlton or Perkin 
Trans., Index issues. 

1 .  The dimer (1) has the endo structure (as does the dimer of 
cyclopentadiene). The P-P bond length of diphosphines and 
cyclopolyphosphines is known to be remarkably constant at 
2.21-2.228,.2 Thus, the P-P bond of (1) [2.239(1)A] is 
significantly longer than usual. Similarly, the C,-C, bond 
bridging the two phosphole units is abnormally long 
[1.577(5) A vs. 1.54 8, for ordinary C-C single bonds]. These 
data suggested that the dimerization of 3,4-dimethyl-2H- 
phosphole (2) leading to (1) was easily reversible. This 
hypothesis was supported by the mass spectrum of (1) 
[(70 eV, 80 "C):  m/e  224 (M,  71 %), 112 (M/2, loo%), 97 
(M/2 - CH,, 40 %)I which showed a base peak corresponding 
to the monomeric 2H-phosphole. Thus, it was very tempting 
to use (1) to generate (2) in various [4 + 21 or [2 + 41 
cycloaddition reactions at low temperature. In fact, only 
limited data were available in the literature on cycloaddition 
reactions involving P=C double  bond^.^ Since in (2) the P=C 
double bond was neither hindered nor stabilized by cyclic 
delocalization,S and since our previous work with 2H- 

Figure 1. ORTEP drawing (60% probability ellipsoids) of (1) 
showing the atom numbering scheme (hydrogen atom labels are 
omitted). Principal bond distances are: P,-P2 2.239(1), Pl-C, 

1.508(5), c&9 1.319(5), and C,-Clo 1.515(6) A. Bond angles: 

C,-C2-C, 104.2(3), P&7-c8 103.6(2), P2-C7-C, 109.8(2), and 

1.844(4), P,-C,j 1.812(4), Pz-C7 I .877(4), P2-Cio 1.849(4), Cl-Cz 
1.542(5), Cz-C3 1.518(5), C3-Cg 1.337(5), cz-c7 1.577(5), C7-CB 

Cl-Pl-Cg 87.6(2), C,-P2-C10 92.8( l), C1-P1-P, 86.0( l), C1-P1-P2 
97.5( I) ,  Pl-Pz-C, 93.3(1), P,-P,-C,o 104.5(1), Pl-Cl-C, 102.6(2), 

cz-C,-c, 116.6(3)". 

$The  cyclic strain occurring in the phosphole ring may even 
enhance the reactivity of the P=C double bond of (2). 
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phospholes generated at high temperature (> 150 *C) showed 
high reactivity in both [4 + 21 and [2 + 41 cycloaddition 
reactions,4 it was hoped that very rich chemistry would be 
found. We now report preliminary results which demonstrate 
that dimers such as (1) are indeed generators of 2H-pho3pholes 
such as (2) at ca. 100 'C. 

In one experiment, dimer (1)  was heated i n  refluxing toluene 
with a stoicheiometric amount of diphenylacetylene. After 
sulphurization and chromatography on silica gel (toluene 
eluant), the adduct (3)§ was recovered in 28% yield (not 
optimized). Similarly, when crude (1) was heated at I30 "C 
with a 4-fold excess of 2,3-dimethylbutadiene in a sealed 
tube, the expected [2 -t 41 cycloadduct (417 was obtained 
and was recovered in 3 5 %  yield after kugelrohr distillation 
at ca. 110 OC/O.I Torr. I t  is interesting to note that, apart 
from 2H-phospholes, practically no [2 t 41 cycloaddition 
with a P-C double bond acting as a dienophile has ever been 
r e p ~ r t e d . ~  
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b Adduct (3) has been characterized as follows: 'H  n.m.r. (CDCI,, 
80.13 MHz) :  6 1 . 3 3  (s, 3H, Me), 2.07 [dd, 4.1(H-P) 2 Hz, 4J(H-H) 
1.7 Hz, 3H, Me], 2.7 [d, 2J(H-P) 7.6 Hz, 2H, CH,P], 6.42 [dq, 
L J ( H - P )  27.8 Hz, I H ,  CHP] ,  and 6.8- 7.4 ( m ,  10H, Ph); 13C 
n.m.r. (CDCI,, 20.15 MHz): 6 17.6 [d, 3J (C -P) 15.6 Hz, Me], 
18.6 [d, ,J(C-P) 16.6 Hz, Me], 56.5 [d. LJ(C-P)  20.5 Hz, Me-C 
sp'], 73.3 [d, lJ(C-P) 58.6 Hz, CH,-PI, 127--135.7 (m, Ph i 

13.7 Hz, p-C sp'], and  169.6 [d, ,J(C-P) 7.8 Hz, p-C sp2] 
p.p.m.; 31P n.m.r. (CDCI,, ext. H,PO, 6 +ve for downfield 
shifts, 32.435 MHz): 6 +44.7 p.p.m.; mass spectrum (chemical 
ionization with CH,): m/e 323 (M + 1 ,  100~o). 

7 Adduct (4) has been characterized as  follows: 13C n.m.r. 

Me], 21.0 (s, Me), 22.2 (s, Me), 29.4 [d, 'J(C-P) 18.5 Hz, CH,P], 

Me-C], 128.1 [d, J(C-P) 4.9 Hz, Me-C], 131.3 [d, J(C-P) 2 Hz,  
Me-C], and 132.4 (s, Me-C) p.p.m.; '31P n.m.r. (CDCI,): 6 
-42.3 p.p.111.; mass spectrum (chemical ionization with CH,) :  
ni/e 195 ( M  -t 1, 1009;)). 

CH-P), 141.6 [d, 'J(C-P) 60.5 Hz, Ph-C-PI, 162.1 [d, 'J(C-P) 

(CDCI,): b 14.6 [d, J(C-P) 2.9 Hz,  Me], 17.2 [d, J(C-P) 2 Hz, 

34.0 [d, 'J(C-P) 3.9 Hz, CH,], 36.7 [d, 'J(C-P) 12.7 Hz, CHZP], 
47.6 [d, 'J(C-P) 10.7 Hz, CH-PI, 125.0 [d, J(C-P) 2.9 Hz, 
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