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A STUDY OF T H E  MANNICIl REACTION WITII  PROPARGYL ALCOfIOL 

Althougli 1-alkynes are lin0\~11 to partalie in the  A~Iannich reactio~i, thc  secmi11g 
illcrtness of propargyl alcol~ol in undergoing this condensation promptecl u s  to  investigate 
the mcc11;unism ol this reaction. During this iilvestigation \\;e applicd these tl~corctical 

nspccts to  the synthesis oi a group of aminobutyilols ol the type II?N-CI-I,-C=C- 
CI-1201-I. The  sequcnce of cvcnts in thc Mannicll rcaction has been subject to many 

debates, t\vo explailations being offered. One possible course is an aldol colldensntioil of 
the active hydrogen component I with fornlsldehg.de, follon-ed by rcaction of thc accty- 
lcilic alcohol I1 \\.it11 a secondary ;umiilc t o  produce the ~\~1~1nnich base 111. 

R'-C=C-I1 + IICOII - )  Rr-C=C-CI12011 + Rah 11 + R'-C--C-CI12-SR z 

I I I 111 

Thc  alternative is the lornlatio~l ol thc 1nethg.101 tlerivatis~c oi t11c a111i1lc ITT, lo11on.ccl 
by its rcaction \\-it11 thc active hydrogen c o m p o ~ ~ n d  ( I ) .  

Since the acetylenic conlpound, in our case, \\-as propargyl alcohol, it seemed probable 
tha t  the secoilcl type of reaction was follo\\red. Formation of the hydroxymetl~yl derivative 

of the acetylenic compound \vould lead t o  the productioil of 2-but,~ne-1,4-diol, \vith the 
probability of arni~lation of both cilds of the chain. The  high yields of the  cspccted 
products, however, precluded this line of reasoning. Also, atteillpts to  isolate 2-butyne- 

1,4-diol \\rere u~~succcssful. A l t l ~ o ~ ~ g l z  the Manilich reaction proceeds \vcll for 3-nlli!il- and 
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3-aryl-1-all<ynes (2) and for some hydroxy-1-alkynes (3), the method is not available 
if the hydroxy group of the latter is propargylic. 

Although :\/IcLeod and Iiobinson (4) and Ferllandez et 01. (5) have sho\vn that  ethers 
of the type R2N-CI-1:-0--R are fornled under conditioils similar to those of the 
:\~Iannich reaction, and although it has been sho~vn tha t  propargyl alcohol reacts with 
amine and fornlaldehyde preferentially a t  the hydroxylic group rather than the acetylenic 
(:-1.I, under the conditioils described in this paper we were unable to isolate these ethers 
from the reaction mixture even \vitl~out the copper catalyst, the bis-aminomethane 
IZ2N-CI-12-NR2 being tlle main product isolated. We must therefore conclude that  tlle 
preferential reaction cited above does not obtain under these conditions. T h e  limitation 
imposed upoil the reactioil ~v i th  propargylic alcohols was overcome by esterifying (3) 
or etherifying (G) the hydroxyl function. 

\\7e have circumvented these steps by the use of cupric sulfate a s  a catalyst, follo\ving, 
to a limited extent, a German patent (7). The process was greatly modified. The  elucida- 
tion of this process th re~v  light upon the mechanism of the i\iannich reaction. I t  is ~vel1 
understood that 1-alkynes inay be e~lvisionecl as possessing t\vo polarization forms V and 
VI ,  in \\-llich form \TI accounts for the "acidity" of the acetylenic hydrogen. A hydroxy 
group propargylic to the acetylenic function prevents formation of the "acidic" polariza- 

tion fonn 1-1 by virtue of an  electron shift involving an unbound electroil pair on the 
oxygen atom. This pheilon~enon probabl) accounts for the well-1:nown acidity of the  
hg~drogen on a propargylic hydrosyl function. T h e  electron shift ~ \ ~ o u l d ,  incidentally, 
reverse the polarization pattern of the inolecule and preclude the existence of an active 
ncets-lenic 11)-clrogen (VII to 1-1 I I) .  I-Ionrever, since the kIannic11 reaction depends 

:OMH 
V I I I  

precisely upon the presence of such a labile hydrogen, the condensation does not talie place. 
'I'he sharp and strong band a t  2 11s c i ~ l - ~  in the infrared absorption spectrum of propargyl 
alcohol shows that  the acetyleilic bond is strongly polarized, but  the  absence of condensa- 
t-ion implies that i t  exists mainly as  forin \7III, ~vhich can account for both the acidity of 
the hydrosyl hydrogen and the lack of acidity of the acetylenic hydrogen. The  forination 
of the copper salt I X  (S) 11-ould produce, ho\\:ever, a labile center, or in esseilce a carbanion, 
~vhich \\-ould react with the aininoinethylol forilled between the secondary anline and 
formalcleliyde. T h e  identical copper salt \\;as produced by the reaction of cupric sulfate 

and propargyl alcohol alone in a basic medium, even a t  rooin temperature. In  this case, 
reduction of the cupric ion is probably effected by the acetylene itself. Since the  reaction 
was carried out in an  aqueous medium, insoluble reaction products could be isolated and 
identified. An oily layer was iinillediately produced during the preparation of 4-piperidino- 
2-butyne-1-01. Upon distillation of this layer, a vigorous evolution of forinaldehyde was 
noted, and the distillate was identified a s  bis-piperidinometha~le (I). The  anline and 
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formaldehjde were not introduced i n  a 2 : l  ratio, ho~vever, and the initial product was 
identified as  piperidinomethai~ol. This product \\.as identified by its infrared spectrum, 
\vI~ich was identical wit11 that  of the piperidinomet1~anol produced by the method of 
I-Ienry (9). Attenlpts to preparc 4-piperidino-2-butyne-1-01 from piperidinoi~~ethanol and 
propargyl alcohol in the presence of cupric ion in a basic medi~un resulted in inferior 
yields, i~rllereas thc preparation from the bis-piperidinomethane gave yields sinlilar to 
those of the whole reaction itself (some yield was obtained even in the cold). I t  \\.as there- 
fore concluded that  the principal species involved in this reaction, when ruil in a slightly 
basic mediuin, is the bis-piperidinomethane formed froin the aminoinetl~ylol under the 
influence of heat, and the following mecl~anism is proposed for the reaction. A l t h o ~ ~ g h  the 
existence of these intcrinediates has bcen postulated by Wagner (10) and r e v i e ~ ~ e d  by 
I-Ielman and Opitz ( I ) ,  and althougl~ the properties of the stable species have bcen studied 
in some detail, we have isolated and identified the above-mentioned intermediates from 
the reaction itself. 

R?N-CHtOH RtNH + HCHO RzN-CH2-NR2 
TV X 

medium" 

R2N-CHrHNRt 
-RzNH 

I .  @ c u  

R2N-CHt + @C=C-CH~OH -+ RtN-CH-C=C-CH20H 

XIV IX xv 
I t  lllust be understood that  the different species I l l  and S have diffcreilt stabilities. 

Whereas IV is ul~stable in an acidic inedi~un, rapidly reverting to the aminc salt and 
formaldehyde, X will actually form a stable salt. Thus,  the path~vays of the reaction in 
acidic and basic media are soine~vhat ditierent. The  reaction in a slightly acid n~eclium 
coiltributes to  t ~ v o  species a t  differing rates. 'The reversible reaction involving IV to 
regenerate the amine and formaldehyde predominates. I-Iowever, the formation of tlle 
carbeniuill species XI11 by way of the unstable methyl01 salt X I  is also accomplishccl, but 
a t  a much slo~ver rate, as  evidenced by the long reaction time in this medium. In a sliglitly 
basic medium, X is forilled in the reaction, and also by  the thermal decoinposition of IV. 
This bis-aminometl~ai~e rapidly forms the carbenium species XI11 through the inter- 
mediate salt XI I .  I t  is postulated tha t  the carbenium ion S I V ,  stabilized by  resonance 
wit11 X I I I ,  is the reactive species in both reactions (1). The  carbanion I X  formed from 
cupric sulfate and the 1-alkyne would then enter into reaction \\:it11 XIV  to produce the 
desired Ilanilich base S V .  A similar series of events was noted during the s)lnthesis of the 
diisopropyl analogue. By follo~ving the changes in the pI-I values during the preparation 
of the reaction, it was noted that  the introductioil of formalin, even ~ ~ r l ~ e n  carefully 
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NOTES 2573 

neutralized, brought about an abrupt drop in pI-I. The resultant solutions \\.ere stronglj- 
resistant to subsequent change in PI-I by the addition of excess amine until the amount of 
arnine calculated to produce the bis-aminometl~ane \\-as introduced. This strong1~- 
indicates a parallel course for all the reactions in the series, even those 11 hose bis-anlino- 
methanes are soluble in I\-ater. 

The effect of PI-I on the yield in the reaction \vas studied. The dicthyl analogue \ \as  
prepared several times a t  varying initial pII values. I t  \\-as established that a t  a p11 
greater than S, the reaction, as evidenced by the precipitation of metallic copper, was 
complete after 55 win. At a pI-I less than 7 the reaction required a t  least 34 h ,  ancl a t  
PI-I 3 no reaction occurred. i l t  a pI-I ,greater than 9 the yield decreased. I t  II as dccidecl to 
r ~ u i  all future reactions a t  pIH 8.4. 

TABLE 1 

Effect of pl-I on the yield of 4-diethylamino-2-but~711e-1-01 
- -- 

Initial plI Yield (yo) Time of run Iiemarks 

9 . 0 62 55 ~ n i n  Metallic copper precipitates 
5 . 4  SO Some precipitation of metallic copper 
7 . 9 SO 5.4 11 Some copper propargylate remains 
6 . 0  SO Some copper propargylnte remains 
5 . 0  77 - - Copper propargylate slow to form 
4 . 5  ( 3  Coppcr propargylate slow to form 
Y . S  65 Copper propargylate slow to form 
3 . 0  0 Copper propargylate does not form 
7 . 0  0 Xo copper ion present 

- 

I t  should be noted, therefore, that the reaction should be run in a medium \\.l~icl~ is 
acidic enough to form and stabilize the postulated carbenium ion but not acidic enough 
to prevent the formation of the acetylide. 

The melting points \\.ere measured by the capillary lnethod i r ~  an  electrothermal apparatus and arc 
ul~corrected. Carbon-hydrogen nn:tlyses were determined b). Dr. C. Daesslb, 5757 Decelles rlvenue, Montreal. 
ilmine ~iitrogcn was determined by d i r e c ~  titration ill acetic acid, using a Radioineter pI-I nleter wit11 a 
st;tildard glass electrode and n sleeve-type calornel electrode filled with s;tturatcd pot;lssiu~n chloride in 
anhydrous acetic acid. 'I'he hyclrocl~loride salt (compound 6, Table 11) was determined by the mercuric 
acetate - acetic acid luethod of Pifer and IVollish (11) with the same titrating apparatus. 

4-Diri~ethylatrrirto-2-b~~tylre-1-01 
Dimet11~-lamine (1.2 moles) \\-as dissolved in SO ml of water and thc so lu t io~~  was brought to pI~I !) by the 

addition of a solution of 50% sulfuric acid. One and six-te11t11 moles of 40y0 formalill solution \\,as addcd to 
the mixture followed by 1 n~ole of propargyl alcohol. A solution of 5 g of anhydrous cupric sulfate ill 50 1111 
of lvater \\.as admixed with the contents of the reaction vessel, and thc 111-1 adjustcd to 8.4 by the addition 
of excess dimethylamine solution. 

The reaction ~nixture \\.as heated a t  SO0 undcr reflus (dry ice co~lclenser), \\lit11 stirring, until thc grccllish 
prccipitatc, \vliich gradually turned yello\\l, showing the formation of copper propargylate, \vas succcedcd 
by the deposition of metallic copper (55 mill). The mixture was cooled and poured into 300 mi of cold con- 
centrated aqueous ammonia. The combined aqueous solutions were then cxtracted for 9 h with ether in a 
licluid-licluid extractor. The ether extract was separated and dricd over anhydrous magnesiu~l~ sulfate, and 
the s o l v e ~ ~ t  was evaporated. The residue was distilled i n  zbaczlo to yield !)l.5 g (81%) of the a m i ~ ~ o b u t y ~ ~ o l ,  
b.p. 76-iS0 a t  1.5 mm,  n,023 1.4765, d.l'?.W0.41 (reported (12) b.p. 101" a t  1.5 rnm, ,tI,".V.47Y2). 

4-Dietltyla~izino-2-bz~tyne-1-01 
'I'his substance was prepared by the geucral procedure described above, except that the reflux condenscr 

was replaced by  a regular illlihn water condenser. A 1 mole run, based on propargyl alcohol, gavc 112.8 g 
(80%) of the desired aminoalcohol, b.p. 92-93' a t  2 Inm, nl,?'.' 1.4754, d.i2'.' 0.975 (reported (7) b.p. 105" a t  
2 mm). 
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~-Diisop~opyla117i?zo-9-b1~tj~1~c-l-ol 
This amino:~lcohol \\as prc[,aretl 1)y thc gellcral method tlescri0ed above. Sufficient 11-icthylamine was 

added to bring tlie pl l to 8 and to aid in the sol~~bilizatio~l of the insolul~lc bis-aminometha~le. 'l'hc reaction 
was hc;~tecl a t  80' for 72 h .  .\ 1 mole run bascd on propargyl alcohol gave 147.3 g (87.5%) of the product, 
7211?'.7 1.4811, 0.921. 

4-Pyr~ol idino-d-bzi ty1z~-l -nl  
7 .  I his compound nras prepared b ~ .  the general method described for the dimethyl ;~nalog~le. 12 1 nlole run, 

based on propargyl alcohol, g;~vc 117 g (84%) of the desired alni~~obutynol,  b.p. 106-107" a t  1.5 mIn, 
~zD? ' . '  1.5039, d.i?GJl.O1:'J (reported (13) 11.p. 101-10"0 at  0.4 mm, n ~ ? ?  1.5092). 

4- Pipciidino-2-bl~tyze- 1-01 
, . I his substance was prepared in 50% diosane-\\rater by the general method tlescribed above. ;\ 1 mole run, 

bnsed on propargyl alcohol, gave 122.4g (80%) of tlie product, b.p. 112-113' a t  1.5 mm, n~~~~ 1.50'35, 
d.,".5 1.030 (reported (13) b.p. 112-113" a t  0.9 mm) .  

~-n/Iorpl~oli?zo-2-b~~ty~re-l -ol 
'This arninoalcohol was prepared by the general 111ct1iod. I\ 1 mole run, based on propargyl alcohol, gave 

124 g (80%) of the desired product, b.p. 104-106" a t  0.1 mm, ?zD?' .~ 1.5095 (s~lpercooled l icl~~id),  1n.p. 51.5- 
52.so (reported (14) b.p. 104-106" a t  0.1 mm, ? z D ? ~  1.5087). 
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CONVERSION OF NEOzIBIETIC ACID INTO MANOOL 

As a consequeilce of our recent total synthesis of abietoid resin acids ( I ) ,  various inter- 
mediates becaine available for possible co~lversion into other diterpenic natural products. 
Thus, for example, the synthetic ketoester Ia  (2, 3) ,  ~ I S O  a product of the ozo~lolysis of 
methyl neoabietate (%A),  appeared to be a 1il;ely candidate for tra~lsformatio~l illto 
man001 (11) and sclareol (I1 I ) ,  especially si~lce the more readily accessible sclareol degrada- 
tion product I\' had already bee11 co~lvcrted illto sclareol (5) and the latter had previously 
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