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Abra&-Alkytphenowr other than rctophmones are found IO react with rcfluxing HEFT over a rcacrion time 
of !-IO hr Pnwding 3,5dialkyl-!.6diphmylpyridine, in R-?W yields T?w reaction of accrophenoncs with the same 
WI rdwds only the concspo0ding IJJ-triarylbcnzcnes. I-Acclyladamanrane similarly affords I-awhyl-2,6di- 
(I-dmtpnty~cbyluaiDo-I,4,5,6~tnby&0pyridine. a porsihk intermediate m the fonnrricw~ of the pyridinc 

Recent work in these laboratories’ as well as those of 
Pedasen’ and Kawanisi’ has demonstrated that hex- 
amethylpbo@ork @iamide (HMPT) is a useful reagent 
for the preparation of a variety of organic compounds by 
previously unknown routes. Continuing our investigation 
of this interesting substance, we report herewith the 
results of our studies on the reaction of HMPT with 
various ketones. 

When alkylpbeooaes other than acetophenones are 
rdIuxal in excess HMPT, a slow reaction occurs resulting 
inthedisappeannct of the origimd ketooe after 5-10 hr. 
After a water workup, it is possible to isolate 35dialkyl- 
26diphenylpyridines in modest yields (Scheme I). The 
reaction times and yields are shown for several such 
compounds in Tabk I. 

Altlmugh the yields from the reaction are small, another 
route to this series of compounds’ requires four separate 
steps from the same sting ketone and results in only a 
ma&al ioqmvemnt in overall yield. 

-fRc rcacth of acetopherxmcs with HMPT appears to 
be much more rapid. The reaction mixture darkens 
apprecmbly soon after the onset of reftux, and the 
reaction is best discontinued after only 0.5-l hr rcflux 
time. We were unable to isolate pyridines from the 

1: R+H 2 

SchemeI. 

reaction mixture, but chromatographic separation of the 
complex reaction mixture gave traces (< 3%) of the 
corresponding triarylbenzenes (Scheme 2). Prior work in 
these laboratories had suggested that tetramethyl- 
diamidophosphoryl chloride 5, might function as a 
somewhat more reactive substitute for HMPT allowing 
the reactions to be carried out at lower temperatures. 
Because of the apparent sensitivity of acetophenooes to 
refluxing HMPT. we undertook to investigate the 
reactions of this series of compounds in 5 at 160”. This 
study too faikd to reveal the formation of pyridines. but 
we were able to isolate the correspooding triarylbetuenas 
in fair yield (27-36%). Although the method seems to offer 
no advantage over previously published methods*.’ for 
the conversion of acetophenones to l$S-triarylbcnxenes 
from the point of view of yield, the simple work up may 
be somewhat more convenient. Our results on the 
reactions of acetophenones with tetramethyl- 
diamidophosphoryl chloride are summarized in Table 2. 

The most interesting exampk that we have studied 
from the point of view of understanding the mechanism of 
pyridine formation is the reaction of I-acetyladamantane 
6, in relluxing HMPT. The product of this reaction is 
formed in 25% yield, and all the evidence obtained suggests 
it is I-methyl-?.6di(l-adamantyl)-6dimethylamino- 
I .4,?.6,-tetrahydropyridine 7 (Scheme 3). 

The IR spectrum of 7 shows a weak band at 6.14 F The 
NMR of 7 shows a triplet at S 5.07 (I H), a singlet at S 
2.76 (9 H), and an unresolved broad muhiplet plus a 
doublet centered about 6 190 (34 H). These bands can be 
assigned to the vinylic proton, the N-methyl protons, and 
the adamantyl plus ring protons respectively. The mass 
spectrum shows no molecular ion at m/c 408 correspond- 
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Tabk I. Reaction of alkylphemnks (CJWOCHr-R) with rctluxing HMPT 

R Reaction time (hr) Yield of 2 (R) mp (C) tit. mp (“c) 

CH, 
CH,CH, 
KH&CH, 
-KH,KH, 
l WMH, 
-C,H, 

23 
I2 
IO 
a 
0 
4’ 

1367 136-f 
146-7 146-r 
134-s 
87-a i 

- - 238-9 240-I” 

‘Anal Cak. for C,,H,,N: C. 87.6; H. 7.9; N. 4.4. Found: C. 87.4: H. 7.8; N. 4.3. 
‘Anal Calc. for CuH,,N: C. B7.4: H, 8.4; N. 4.0. Found: C. 87.3; H. 8.5; N. 3.9. 

Tabk 2. The reaction of acc~opheaoaes with tetramcthyl- 
diamidopbosphoryl chloride to yield 1.3.5~ttiatylbenzencs (160” 

for 20 hr) 

X a- Yield of 

A-‘“’ Iriaryl- bcrueMs 4 lit.’ 
x ” (‘ib) m.p.PJ mp(“c) 

-H 26 172-3 I72 

zi, z 
172-3 Ilft 
142-3 143 

Xl 22 244-J 246 

wal.nal 

Ad- 6 -CH, 7 
Ad 

6: (Ad - I-adamatstyl) 7 

!3chcmc3. 

ing to 7; the highest Peak observed is at m/e 364, 
corresponding to 7 with loss of the N(CH,)r group. an 

o&urva!&t that has been rationalized elsewhen. 

It is likely that the reaction of enolizable ketones with 
HMPT proceeds initially by attack of HMPT on the 
carbonyl carbon to give the corresponding di- 
methylamine enaminc, perhaps by the route suggested by 
P&r& (Scheme 4). Pcdcrson’s observations, as well as 
those of Kawanisi’ and oursclvesn confirm thaw enamine 
products are formcd under the reaction conditions. 

Our earlier observation” that the corresponding satu- 
ratcd amine forms subsequent to the formation of the 
enamine suggests a disproportionation of the enamine. 
This suggc&n. combined with a proposal by Ncwkome 
and Fishel’ for the mechanism of a related reaction, leads 
to the following mechanism for the formation of products 
related to 7 Gchcrne 5). 

-AL 

Mps were determined on a Fisher-Johns apparatus and are 
comc~cd. bps are uncorrected. JR spectra were rccccdcd on a 
Perk&Elmer Model 337 spcctropMomctrr, NMR spectra on a 
Jeoko Model Cd0 spcctromctcr with chemical shifta cxprcsscd in 
6 @pm) relative lo TMS as intanal standard. Micmumtyscs were 
performed by Chemical Analytical Services. University of 
California, Berkeley. California. Mass spectra were measured on 
an AEI MS-12 medium recdutioa mass spcctromdar. dirzcl inkt 
method at 2tW source temperature. 70 cV, by Chunkal Analytical 
Services, University of California, Bezkeky. Cahfornia, Comma- 
cial HMPT was LstilM before UK, b.p. 120-W/121 mm. All 
other compounds unless otherwise indicated were ~niahy 
available and were used without futtbcr p&cation. 

33_Diollry/-?.6diphmy~yridlnr~ 2 The afky~hcwac (0.1 nml) 
was mixed with 65ml of HMPT and r&txcd in a stat&d 
reaction vessel with openings protected from mohturc for 5-10 hr 
fTabk I). After cooling. the naction mixture wu poured into 
I50 ml of ice water and lhe mixture mtwafed with sodium 
chktide. nk aqueous solution was cxttucted t&e timea with 
ether and the ethereal solution waabcd twice with b&c aod 6tmRy 
dried (Natso.). Evaporation of DK solvent afforded the crude 
product. which was recrystallized from ethanol. 

Accrophcnonrr wifh JfMpT. The acctopbrnuk 3 (0.1 tm$) was 
dissolved in 65 ml of HMPT and nfluxcd for O+ I hr in a staadd 
reaction vessel with openings protected from moisture. The 
cookd reaction mixture was wo&cd up as in the preceding case. 
After removal of the solvent. the cru& p+oduct was chromatog- 
raphcd on activity HI alumina with 3&W pctrokum ether- 
benzene (X:300) as eluant. Rccrystalliaacioo of the eluted 
materials from 60-W petroleum ether gave a tract of the 
corresponding l.3.S-triarylbctucnc 4. which was id&Bed by 
comparison of its physical properties with published’ vahtcs. 

lirmnrethyfdiamidophoqhoryl chloride 5 in HMPT. HMPT 
(36og. 2 tool) was heated to I lo” and phorphoryl chl&k (?7& 
0.5 mol) added dropwise. the temperature being maintained below 
I.W. After the add&n uas complete. Dsr solution was 
maintained al IW for 2hr. Distillation al IlO-IW (23mm) 
dordcd a sdution which was approximately 4 molar tetramc~byl- 
diamidophosphoryl chloride in HMPT. free of other cotnpounds 
by GLPC analysis. The sohrtion is stabk for long periods when 
protected from moisture. 

Actrophenona wirh retromethyidiamidophosp~~l chloride 
The acetophenone (0.03 ~KII) was mixed with 40 ml of tct- 
ramethyldiamidophosphoryl chloride solution in HMPT in a 

R-CH, 

R’)‘” a 

CH,/ ‘CH, 

R-CH, OPO(NMer), R-CH 

R.:C;I(CH,)I - 

R,>-N(CHh + HOPO(NMc,), 

Scheme 4. 
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standard reaction vessel with openings pro~cckd from moisture. 
The mixlure was maintained ar 160” for 20 hr. After cooling. the 
rcacrion mixture was poured into I50 ml of ice water and worked 
up as for fhc dialkyldiphcnylpyrtdmcr. After removal of rhe 
solvent. the oily residue was crysdliscd by treatment with ho1 
ethanol. The product triarylbcnzene 4 was rccryslalliscd from 
bcnzenenhanol. 

1 . Why/ . 2.6 . di - (I-adomonryl) 6 dimtrh+omino . 
1.4.5.6. fnmhyhpyidine 7. I~Aceryladarnantar~ (3 g. 17 mmol) 
was nfluxcd in 50 ml of HMPT as described above. The cooled 
rcactkm mixrure was poured into water. saaturared with sodium 
chloride, and the mixture extracted with pentant. The pcntane 
solution was wti with brine. dried (Nas0.j. and the solvent 
evaporated. The residue was dissolved in ca. 100 ml of ethanol and 
coo&d at IU’ for several hours affording &85g (3%) of IRK 
producr 7. which was recrystallised from ethanol-benzene. m.p. 
MQ-I’. IR (film) 6.14 (C-c). 6.91.7.45 c; NMR (CCL) 6 5.07 (I. I. 
J 7 Hz). 2.76 (s. 9). I.90 (m. 34); mass spectrum (?OcV) mlc (rel 
intensity) 364 (4). ?79 (71). .X4 (45). I35 (91). 93 (74). 79 (100). 
(Found: C. 82.1; H. 11.0; N. 6.6. C,H,N, requires: C. 82.3; H. 
10.8: N. 6.8.) 
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