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Abstract The reactron olphcnylaccryknc with HUNMe,), and C(NMe,), yielded PhMCH(NMe,), 

and PbC%CQNMc,),. respectively. The reactions of the Ir~cr IWO compounds wrrh l CCOC acid and 

merhaool are discussed. 

IN REmh-r years, a number of reports have been published describing the reactions 
of carbon acids with gem-multiamincs and related compounds.‘-’ However, reactions 
of gem-multiamines with acetyknic carbon acids have not been described. Furtber- 
more, to our knowledge, the products expected of such a reaction have not been 
prepared by any method. In this paper is described the reaction of pheoylacetykne 
with tris(dimethylamino)thane, I, and tetraki$dimethylamino)methanc, II, and 
some of the chemistry of the 3-phenyl-2-propynylmultiamines produced. 

RESULTS AND DISCUSSION 

Phcnylacetylene reacts readily with I and II at 80” without solvent to yield 
N,N.N’,N’-renumerhyl-3-phenyl-2-propynyliene&.unine, III, and N,N,N’,N’,N”,N”- 
hexamerhyl-3-phenyl-2-propynylidynerriamine, IV, respectively. 
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Reaction of the multiamines with a second mok of phcnylacctykne is apparently 
much slower than the first, being observed not at all with III. Compound IV reacts 
slowly with excess phcnylacctykne giving rise to a compkx mixture displaying an 
uninterpretabk NMR spectrum. 

Compound IV, an atmosphercscnsitive. low-melting solid, exhibited a sharp singlet 
in the NMR at I 7.41 and a weak absorption in the IR at 2220 cm- ‘, corroborating 
the structural assignment. Compound III had the expected singkts in the NMR at 
T 763 and 6.43 in the ratio 12 : 1 but its IR absorption in the acctykne region was too 
weak to be meaningful. Its Raman spectrum, however, showed a strong absorption 
at 2217 cm-’ characteristic of a disubstituted acetylene. Additional structural 
evidence for III was obtained by aminatioo of phcnylpropargylakkhyde. ykkiing an 
NMR exhibiting the expected rcsonan~tg. 

As might be expected, the compounds III and IV are rather acidmsitive and the 
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remainder of this paper deals with the results of their reaction with acetic acid 
@K, 4.8) and methanol @K, 16). 

Compound IV reacts rapidly with acetic acid in benxene solution producing three 
products, dimethylacetamide, 3.3-b~dimerhylomino)~y~~~~~. V, and 1,3,3- 
nis(dimethylamino~l-phenylollyliwn acetate, VI. Compound V is produaxl in about 
So% yield while VI is produced in about 10% yield. The dimtthylacetamidc was not 
isolated but identified by its NMR only. Scheme 1 describes a plausible mechanistic 
sequence for this reaction. Consistent with this mechanism is the observation that 
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when the reaction is run in the presena of an excess of dimethylamine, the only 
product observed in the NMR is the allylium salt. VI. 

The structural assignment of V rests primarily on its NNR spectrum and its indc 
pendent synthesis on an NMR tube scale from acetophenone and II in benzene.’ 
The NMR spectrum of the resulting solution was identical to that obtained for V. 

An interesting feature of V is the manner in which it is protonated by acetic acid 
in benzene solvent. NMR suggests the protonation takes place on the number 2 
carbon yielding ion VII rather than on the oxygen to yield ion VIII [NMR exhibits 
singlets at T 7.49 and 7.59 (6: 1) benxene solvent, TMS internal standard]. One might 
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expect VIII to be favoured due to the possibility of sharing the charge between a larger 
number of atoms including oxygen. A plausible explanation is that the planar con- 
figuration required in VIII to maximize orbital overlap is inhibited by steric pressures 
so the molecule cannot take advantage of additional sharing of charge. This obser- 
vation is echoed in the NMR spectrum of the allylium salt, VI, which displays not 
three dimethylamino environments but two at T 7.17 and 6.91 in the ratio 2: I. This 
suggests the molecule might best be approximated by structure VI-A in which the 
o nitrogens are kept out of the ally1 plane by steric repulsions. 

N,N,N’,N’-Tetramethyl-3-phenyl-2-propynylidenediamine, 111, also reacts rapidly 
with acetic acid and the only isolable product of this reaction is 1.3-bi.s(dimethylumino)- 
I-ph4nylollylium ocerare, IX. Small amounts of dimethylacetamide were observed 
in the NMR spectrum but the corresponding acrylophenone was not visible nor was 

IX 

any isolated. All four Me environments of this allylium salt are visible in the NMR 
as distinct, somewhat broadened, single resonances. 

The reactions of compounds III and IV with the weaker acid, methanol, are also 
of interest, particularly because of their contrast with the acetic acid reactions. 
Compound III reacts with methanol replacing one dimethylamino group with a 
methoxyl group yielding l-mcthoxy-N.N-dim4rhyl-3-phenyl-2-ptopynylomine. X. 
Furthermore. the reaction is completely reversible. Addition of dimethylamine to 
the methoxylated product, X will reform the original diamine. III. The structural 
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assignment of X rests primarily on its NMR spectrum and Raman spectrum, which 
exhibits a strong absorption at 2221 cm- ‘. 

The reaction of compound IV with methanol appears to be similar, at least in 
the first stage, to the reaction with III. One dimethylamino group is replaced by one 
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OMe group yielding 1 -merhoxy-N.N,N’,N’-relromerhyl-3-phenyf-2-propynylie~- 
diamine, XI. If this reaction is reversible, the equilibrium must lay far to the right, 
since addition ofexcess dimethylamine to X1 does not cause a noticeable reappearance 
of IV. Unfortunately, compound XI could not be obtained free ofa secondary product. 
Compound XI further reacts adding a molecule of methanol to yield a final product 
having the empirical formula, C, sH,,N102. The NMR spectrum of this compound 
indicates two NMe, groups in separate environments, two OMe groups in the same 
environment. and one oltinic proton. Structure XII, 3,3-bis(dimethylamino)- 
acrylophenone dimethyl ketal, is consistent with this NMR and consistent with the 
mass spectrum for which the principal fragmentations are shown below: 

EXPERIMENTAL 

Proton NMR spectra were obtained from a Vanan Model A-60 or A-56-60 rpectrome~er. Raman 

spectra were obtatncd on a Gary 81 spectrophotomctcr usmg neat liquids In 2 mm cells and appropriate 

(Is4 II’1 h4.p and b.ps were uncorrazted. All operations were carried OUI under an atmosphere of dry Na. 

Synfhcsis oj N.N.N’.N’-rrrr4nurhyl-3-~~yf-2-popynyli (III) A mixture of 3a g (00294 

mok) phenylacztykne and 3.74 g (00258 mok) of I. in a 25 ml round bottom flask u heati I8 hr at 80 

under an atmosphere d dry N,. Distillation (b.p. 68-71’ /o I5 mm) yields 4.5 g (87 S’ of II1 exhibiting in its 

NMR spcclrum singlets at r 7.63. 6.43 and a complex multipkt between r 3-15 and r 2.40 in rhe expected 

ratlo of 12: I : 5 (benzencd, solvent, T&MS internal standard). The Raman spectrum d Ill displays a strong 

absorption at 2217cm-‘.(Found: C. 76-9; H.8.9; N. 13.7. C,,H,sN, requires. C. 77.2; H.90. N. 139”;.) 

Synfhrsu oj N.N.N’.N’.N”.N”-hxonurhpl-3-phmyl-2-pr~pyny~~~~~r~~~i~ (IVL The triammc is 

prepared by rhe same method as the diaminc above starting with II and is obtained tn R(I% yield. b.p. 

95”102 mm. m.p. 305 31 5’. Its NMR spectrum displays a sharp singlet at T 7.41 and a complex multlplct 

between r 241 and r 309 in the ratio of 18.5. and IIS IR spectrum displays a weak absorption at 222Ocm I. 

(Found: C. 73.4; H.P4; N. 17-3; mol wt 246 f 5 (cryoscopy m benzene]. C,,H,,N, requires: C. 73.4; 

H. 9.5; N. 17.1 “b; mol M 245) 

Racrwn of N.N.N’.N’.N”.N”-hxanurhy~-3-~enyl-2-propyny/~y~rr~r~ (IV) with acrric ad. To a 

soln d 3GO g (00122 mok) of IV m 10 ml benzene in a SO ml flask is slowly added a soln of 0735 g (00122 

mole) AcOH In IO ml benzene. A white ppt d VI gradually forms 035 g (IO’,). The ppt is collected and 

recrystallizzd from CH,Cl,-benzene. m.p. 216218 . IIS NMR spectrum txhiblts a compkx multiplct 

between r 2-32 and 291. wngkrs at r 5.30.6.91. 7.17 and 805 in the expected ratio of 5:l :6: l2:3 (CDCl, 

solvent TMS internal standard). (Found: C. 66.9; H. 8.6; N. 13.9. C,,H,,N,O> requim: C. 66.9; H. 89; 

N. 13.8%) 

The liltra~e from above is evaporated and the residual 011 dlstllkd. b.p. 143’.‘02- yieldmg 2.1 g 

(79%) V which exhibits in I~J NMR spectrum a complex multiplct betwEn r 2.57 and 2.07. a singlet aI 

r4~86~ndabroadr~nglcrarr7~491nthcrario5:1.12.(Found:C.71 5;H.8-4.N,12~8;molwt218mwspec 

C,,H,,NIO requires: C. 71-5; H. 83; N. 12-g”,; mol WI 218). 

Rrocrwn oj N.N.N’.N’-rcrr4nurhyl-3-plunyl-2-propm (Ill) wrrh occric acid. To a soln 

of 1008 (OGO495 mok) of Ill in IO ml ether IS added a soln of 090 g I@015 mole) AcOH in IO ml ether. 

Compound IX appears as a second liqud phase, which u washed with pcntane and dried at reduc~J preu 

The allyhum salt appears IO hold two mokcuks of AcOH and exhibits the following NMR spectrum 

A compkx multipkt be~wecn r 2.30 2.80. doublets centered aI r 3.21 and 4-40 (i - 13). singlets at r-567. 

6.52 6.77. 706 and 8al in the ratio of 5 ‘1 ‘1 :3 :3:3:3.9. Alu, vislbk is a smglcl at r-567 accounting for the 

IWO protonsofthe AcOH (CDCI, solvent. TMS mrernal standard). When the acetate anion is exchanged for 
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BPh,O m aqueous medra a homogeneous rarysralh7ahk ppl IS obramcd. m.p. 198 199 from McCN 

McOlt The NMR ol the rcrraphenylboron sah IS srmrlar IO the acetate. (Found. C. 85.1; H. 7.8; N. 5 5. 

C,,H,,NrB rqurra: C. 850; H. 7 5; N. 54”,) 

Rcacrion o{ N.N.N’.N’-frrranu1h~~~3-p~rn~/-2-prop~n~~~r~d1~1~ (III) wifh rrufharwl. TO 1.43 g 

(00071 mole) of Ill n-r a round borrom flask IS added 12 ml McOH The McOH IS evaporarcd 81 8Omm 

press and this proczdure IS repealed 6 limes The final residue IS drsrrlkd. h.p 65 01 mm. yrelding I Og 

(75 “,) of X. The Raman spectrum of X exhrbrrs a srrong absorprron at 2221 cm ’ and the NMR specrrum 

cxhrbrrs a complex mulrrpler bcrwccn r 2-39 and 309. smglers ar r 533. 6-69 and 760 u-r the rarro 5 I 3 6 

rhcnrrne-d, solvent. TMS mrcrnal standard). (Found C. 76 2. ti. 80; N. 79; mol wl 189 mass spcc 

C,,H,,NO rqurrcs C. 76-2; H. 8G); N. 749:; mol WI 189) 

Rcocrron of N.N.N’.N’.~‘“.N”-herumrrh~l-3-phm~l-?-prop?n~lldyncrrlumt~ (IV) wtrh O~P mole of 

mtfhonol To a soln of IV m 20 ml benzene IS slowly added m I ml ahquors a 20”. MeOH soln m bcnrene. 

Throughour rhc addrrron. and tar a f hr followmg rhc frnal addrrron. a srrcam of dry N, IS pad rapidly 

rhrough rhc soln. ‘The reachon mrxturc IS monrrorcd via NMR and rhe MeOtt addrrron IS slopped when 

rhe oprrmum quantity of product IS observed The solvenr IS removed ar reduced press and rhc residual or1 

drsrrlled. b p % 97 OS mm. ro yrcld I 5 g of XI (conlamrnafcd wrrh I8 O0 of secondary producr see below) 

The NMR sparrum of Xl cxhrbrrs a complex mulrrpler bc~wccn r 2 33 and 304. and srnglers al r 6-53 

and 7 40 tn rhe rauo 5 3-12. and IIS Ran-ran spccrrum cxhrbns a rrronp absorption al 221 I cm ’ 
Rrucrron oj N.N.N’.N’.N”.N”-he~omcfh~l-3-prop~n~/i~~n~rr~mi~ (IV) wrrh CUYU merhwl To a 

soln of 2 67 g (00109 mole) of IV rn IO ml erher IS added a soln of 3 8 McOH m IO ml ether and rhc mrxlurc 

allowed IO srand at room remp for 3 hr ‘The solrenr and excess MeOH arc removed al reduced press and 

the residual or1 drsrrllcd. h.p 91 93 02 mm. yrcldrnp 2 43 g (85”,) of XII (Found: C. 6&l ; H. 9 I ; N. 102. 

mol WI 264 mass spcc C,,ttl,N,Oi rqurrcs C. 68.2; tl. 9 2. N. IO-6”,; mol we 264). the NMR spccrrum 

of whrch cxhrhrrs a complex mulrrpler between r 2-12 and 303 and sharp smglers a~ I 5-X6. 6.89. 7 66 and 

7 X2 m the rarro 5. I .6.6 6 (hcnrene-d, solvent. ‘TMS mrernal srandard) 

A&ronIr&~mmrv The aurhor wrsha IO thank Stephen R Byrn and James D. Wilson for rhor ard m 

mrerprermp rhe mass spccrra. 
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