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Preparation and X-Ray Structure of 12,4-Di-t-butyl-6-(N,~- 
dimethyIam~nomethyl~phenyl~d~thioxophosphorane 

Stabilized by Intramolecular Coordination 

Masaakii Yoshifuji,* Kamnori Kamijo, and Kozo Toyota 

compounds with low eo&inated heavier main group clemt~~ts such as phosphorus can be kinetically 

stabilized by bulky substituhnts (stdc pmtmim).’ 2,4,6-Tri-r-butylphenyl group @cx&ter abbreviate& to 

Ar)is~afthetypicalan8lsawafulbullcyprotecting~s2~by~gtlris~~twe~~ 

have suoc~~ly prepat& various types of low cooxlinatcd tcrvakent phosphorus compounds such as 

~phosph~~s, phosphors, pho~h~~ul~~a, and ph0~h~es.l We ate now engaged in 

developing new pmtccting groups which are expect& to contribute to both kinetic aud thermodynamic 

stabikadon. Vcay xecemly, we have qorted the utikation of 2,4-d&r-butyl-6-(dimethylamino)phenyl group 

(abbreviated to Mx; Mx stands for ~ykylidine derivative) as a new pmtaxing group,’ where one of the 

o-t-butyl groups in the Ar is replaced by an electron donating dimethylamino group. Utilizing this 

substitucnt, we have prcpamd MxP==S4 and MxP=Se3 for the tit time as well as MxP(=S)2 and MxP(=Sc~ 

as stable compounds. Since then, we have been intcrestexi in the role of the nitrogen lone pair of the lUx 

groupandinvolvcdin~g~rvlxgroupwithrespcctbothtkindofclcrntntaswcllasthe~~tio~of 

thcbetematom. 

Here, we report the utilization of 2,4-di-t-butyl-6-(N,N-dimethylaminomethyl)phenyl hup 

(abbrtviattd to Mamx Mamx stands for mctbymyl-mzylcne derivative) as a novel protcckg group 

carrying both bulky f-butyl group and lone-pair containing dimcthylaminometbyl group at the o-positions. 

Although die role of the dimethylamioo group in the Mx gloup has not lxcn well aIully* the dimethylamino 

~upintheMamxgroupis~todinctlycoordinateinan~~l~fashion.~ 
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1 2a (=MamxBr) 3a 

LiAIH, S8 
4a - Mamx- PH, 

3 
- Mamx-P,. 

DBU S 
ManIx= 2,4-kBur&(Me~NCH2)C& 
DBU = 1,8-diaz&&yck(5.4.0]undec-7-ene 

5a 6a 

2-Bromo-1-(bromomethyl)-3,5-di-r-butylbenzene (1)6 was allowed to react with dimethylamine in 

dimethylformami de to give 2-bromo-1,5-di-i-butyl-3-(N~-dimethylaminomethyl)benzene (2a) in 95% 

yield.’ The bromobenzene 2a was lithiated with butyllithium in Et20 at 0 “C! and the resulting solution 

containing 3a8 was added to an ethereal solution of PC13 at -78 “C. Reduction of the resulting phosphonous 

dichloride 4a with LiAlI$ afforded the primary phosphine Sa [8p (CD@) = -143.6 (t. ‘JpB = 203.6 Hz)]. 

The phosphine 5a was then allowed to react with elemental sulfur (3 equiv. as S) in benzene at room 

tempemmre in the presence of 0.25 equiv. of 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) for 2 h to give the 

corresponding dithioxophosphorane 6a after column chromatography (12% yield based on 2a). 69: 

Colorless silky needles, mp 236.0 - 237.0 “C; ‘H NMR (200 MHz, CDC13) 8 = 1.30 (9H, s, Bu’), 1.73 

(9H, s, Bu’). 3.09 (6H. d, 1PI-I = 7.6 Hz, NM%), 4.47 (2H, d, JPH = 5.0 Hz, NCH$, 7.00 (lH, dd, &H = 

2.6 Hz and JHH = 1.8 Hz, m-Mamx), and 7.54 (lH, dd, JPB = 7.3 Hz and JBH = 1.8 Hz, m’-Mamx); 

31P( ‘H] NMR (81 MHz. CDC13) 6 = 149.6; 13C( ‘H) NMR (50 MHz, CDC13) 6 = 45.3 (d, JK = 3.1 

Hz, NM%) and 62.3 (d, Jpc = 8.7 Hz, S&NMe2); UV (CH$Zl$ 254 (log e 3.83), 284 (sh, 3.50). and 

302 nm (sh, 3.08); IR (RBr) 713 and 634 cm-‘; MS (70 eV) m/z (ml intensity) 341 (M+; 18) and 308 

(I&-S-H, 100); MW (CgHg) 341; Found: m/z 341.1409. Calcd for CI7HsNPS2: M. 341.1401. 

Table 1 shows 31 P NMR data of the dithioxophosphorane 6a and some related compounds. 

Remarkable high-field shift was observed for 6a compared to 6d or ArP(=S)z 6e. This fact indicates the 

strong interaction between the phosphorus atom and the nitrogen lone pair in 6a and it was confiied by the 

X-ray crystal structure analysis.12 Figure 1 shows an 0RTEP13 drawing of 6a in the crystal. It should be 

noted tbat the unit cell contains one solvent molecule (benzene) per 6a entity, but the benzene was omitted for 

clarity in Fig. 1. The nitrogen lone pair of 6a is directed toward the phosphorus atom and the distance 

between the nitrogen and the phosphorus (1.921(8) A) is much shorter than the sum of the van der Waals 

radii, 3.4 A. and is rather comparable to the P-N bond length for sodium hydrogenphosphoramidate (1.77(2) 

AQ4 The dithioxophosphoryl group is distorted from planarity, thus the phosphorus atom is placed 0.34 A 
above the plane (Sl-SZCl) in marked contrast to 6e.llb This plane (Sl-S2-Cl) makes an angle of 72.15~ 

with the benzene ring (ClC6). Although the phosphorus atom is almost on the plane of the benzene ring 

(deviation of Pl from the plane is within 0.02 A), the phosphorus atom is distorted toward the nitrogen atom 

making the angle Pl-Cl-C6 of 109.7(8)“. The atoms (Pl, Cl, C6, and C15) are coplanar within 0.01 A and 

the nitrogen atom Nl is 0.70 A above the plane, making the five-membered ring in an envelope type. 
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Table 1. 31P NMR of Some Dithioxophosphoranes 

Compound R in CDCl3 

6a: CH2Nh4q 149.6 
R 170.6 

bBu _ -u 

,s 6b: NMtia) 

p’ 6c: OMeb) 277.6e) 

+Bu ’ 6&.Mec) 

6ez- r-Bud) 

285.2O 

298.2 

a) Data taken from Ref. 3. b) Data from Ref. 9. 

c) Data from Ref. 10. d) Data i%om Ref. 1 la. 
e) Measured in C6D6. f) Measured in toluene. 

Figure 1. Structure of 6a in the crystal (ellipsoids 
drawn at 5096 pmbability level). Hydmgen atoms and 
the incorporated benzene are ommitcd for clarity. 
Some important bond lengths (A) and angles (O): Pl- 
Sl, 1.944(4); Pl-S2, 1.936(4); Pl-Cl, 1.820(g); 
PI-Nl, 1.921(g); ST-PI-S5 122.2(2); Sl-PI-Cl, 
109.8(3); S2-Pl-Cl, 118.7(3); Sl-PI-Nl, 105.5(3); 
SZ-Pl-Nl, 105.4(3); Nl-Pl-Cl, 88.2(4); Pl-Cl- 
C2, 132.0(g); PI-Cl-Cd 109.7(8). 

Figure 2. Resonance structure of 6a. 

The phosphorus-sulfur bond lengths for 6a (1.944(4) A for Pl-Sl and 1.936(4) A for Pl-S2) arc 

close to the P=S bond length for 6e (1.90 A) or that for Ph(r-Bu)P(=S)-S-S-P(=S)(r-Bu)Ph (7) (l-938(2) 

AP and are significantly shorter than phosphorus-sulfur single bond for 7 (2.153(l) A>. Thus, he structure 
is well represented by the contribution of the mnance smacture as shown in Figure 2. 

The resemblance of the 31P NMR chemical shifts between Mxp(=S)2 6b and Mamxp(=S)z 6a may 

suggest that the major stabilizing factor in the Mx derivative 6b is also due to through-space interaction such 

as intramolecular coonlination. The bulky z-butyl group may secondarily afkd kinetic stability, thus making 

the Mamx group, as well as the Mx group, useful for stabilization of the very reactive species with positively 

charged phosphorus. 
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