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summary 

Copper(I) complexes of approximate composition (CuCN), - ( DMF)z - 
RR’C(OH)C%CBr have been isolated from copper(I) cyanide and l-bromopro- 
pyn-3-01s in dry dimethylformamide (DMF). Decomposition of these com- 
plexes with aqueous DMF gives 4-hydroxybutynenitriles in about 60% yield. 
For preparative purposes it is not necessary to isolate the compler, similar 
yields being obtained in a one step process. Decomposition of the isolated 
copper(I) complex with water gives the hexadiynediol as the only isolated 
product. Formation of the latter is completely suppressed by the presence of 
hydroxylammonium chloride in the one step process. 

Introduction 

A general synthesis of allenic nitriles (60-70%) by treatment of l-bromo- 
allenes with copper(I) cyanide in dry dimethylformamide has been reported 
previously [ 11, and similar methods have been used to convert aliphatic and 
aromatic bromides to cyanides at elevated temperatures 121. However, no re- 
port of the isolation of intermediate copper complexes and subsequent control- 
led decomposition has appeared in the literature. The method bad been success- 
fully used to synthesise 3-phenylpropynenite [3] and there was no reason to 
believe that it could not be used equally well for the synthesis of 4-hydroxy- 
butynenitriles (II) which were required for our investigations. However, under 
these conditions 1-bromopropyn-3-01s (I) gave only 15-20% of 4-hydroxybutyne- 
nitriles (II) together with substantial amounts (ca. 20%) of coupled products, 
the bexa-2,4-diyne-1,6-dials (III). The coupling of l-bromoalkynes in the pres- 
ence of copper(I) salts had previously been observed [ 3,4]. A search for methods 
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for suppressing the coupling reaction while still permitting nitrile formation 
showed that complexes of 1-bromopropyn-3.ok, copper(I) cyanide and dimeth- 
ylformamide, initialiy assumed to exist only in solution, could be isolated as 
solids and decomposed under controlled conditions either to 4.hydroxybutyne- 
nitriles (II) or to hesa-2,4-diyne-1,6-diols (III): 

R R R R 
\ C-(-%C__Br cuts 

R”&H 
DhlF 

)C-c=C-cN + 

R’ i)H 

Results and discussion 

A study of the effect of temperature and mole ratio of the reactants on 
the yield of products revealed that, (a) very little conversion to 4.hydroxy- 
butynenitriles (II) occurs below 40” whereas above 80°C only coupled products 
(III) are isolated, albeit in poor yield (ca. 23%~)~ (b) the optimum temperature 
range for the reaction is 45.50°C and (c) the optunum ratio of copper(I) cya- 
nide to 1-bromopropyn-3-01 is near 4/l (Table 1). Four different l-bromo-3,3- 
dialkylpropyn-3-01s consistently gave yields of ca. 60% under these optimised 
conditions (method A, Table 2). 

The intermediate complexes were isolated from reaction mivtures by meth- 
od A simply by omitting the addition of water. The solids were filtered and 
washed with a small volume of dry ether but could not be recrystallised. Both 
microanalyses and thermogravimetric analyses led to the stoichiometric ratios 
for the complexes given in Table 3. 

It should be noted that the stability of these complexes is not high. Pro- 
longed washing with ether gradually removes the acetylenic ligand and, to some 
extent, the base (DMF) from the complex. For this reason complexes of con- 
stant and definite stoichiometry could not be isolated and average analysis 
values from three preparations are quoted here (Table 3). These intermediate 
complexes have the same composition irrespective of the ratio of copper(I) cya- 
nide to 1.bromopropyn-3.01 initially used to prepare them and the stoichio- 

T.ABLE 1 

YIELDS OF NITRILE. hleElC(OH)C=-C-C=N AND DIYIVEDIOL. [ hleEtC(OH)C=C-_l, FOR DIFFER- 

ENT MOLAR RATIOS OF CuCN AND hkELC(OH)C=C-Br AT 50% 

Concenuabon (moles) 

CUCN RR’C(OH)C=CBr 
--- 
1 1 
2 1 
3 1 

4 1 
5 1 
6 1 

Ywld (5) 

NlUik 

25 
40 
55 

61 
62 
61 

Dlynedtol 

18 
15 
14 

6 
5 
5 
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TABLE 2 

YIELD OF PRODUCTS BY METHOD A (CuCN I RR’C(OH)C=CBr = 1/l). hlETHOD B (CuCN I RR’C- 
(OHKZCBr I HYDROXYLAhlhlONlUhl CHLORIDE = 3/2/3) AND METHOD C (FROM ISOLATED 

COhlPLEX WITH WATER) 

From 

RR’C(OH)C=CBr 

-. _. 

R R’ 

Yield (5) 
. ..- ---- -. 

Method A hletbod B WIUI Method C from 
hvdroxylaminr complev with H,O 

Nlu-ik Dtvnedlol Nlbk Dib nediol 

hle Me 60 2 56 28 
hfe EL 62 6 56 36 
hle Pr 62 2 60 39 
Me l-Bu 60 2 55 19 

metries are in accord with the observation that optimum yields are obtained for 
a ratio of copper(I) cyanide to bromocarbinol of 4/l. This tends to support the 
view that the controlled reaction of the isolated complex is similar to the reac- 
tion of the corresponding species in solution in the one step process. The fact 
that the isolated intermediate complex with aqueous DMF gives nitrile (II) and 
diol (III) m practically the same ratio as that obtained by method A further 
supports this view. 

The presence of excess DMF during the hydrolysis of the complex is an 
essential prerequisite for formation of the nit-rile (II). Thus, when the isolated 
complex is hydrolysed by the addition of water only, nitrile formation is com- 
pletely suppressed and diol (III) formed as the sole product. 

An alternative procedure which uses hydroxylammonium chloride as an 
extra ligand led to improved yields of nitnles (II) and completely suppressed 
the self-coupling reaction (method B, Table 2). Equimolar quantities of l-bromo- 
propyn-3-ols, copper(I) cyanide and hydrosylammonium chloride in DMF at 
60°C gave 55.60% of 4.hydroxybutynenitriles (II). However, solid complexes 
could not be isolated from the reaction involving hydrosylammonium chloride 
(method B) but complexation of this species with copper(I) cyanide undoubted- 
ly occurs and is shown by a change in colour of the reaction mixture on addition 
of this reagent. Furthermore, hydroxylammonium chloride suppresses self-cou- 
pling of bromopropynols only when it is introduced at the beginning of the 
reaction but has little effect when added during the hydrolysis stage. 

A probable structure for the isolated intermediate complexes is shown in 
Fig. 1. This is analogous to the structure of Cu(CN)i in the KCu(CN), complex 
[5], which consists of polymeric CuCN chains formed by coordination of nitro- 
gen to a neighbouring copper atom; a second CN. group at each copper atom 

TABLE 3 

STOICHIOMETRIC RATIOS FOR THE COMPLEXES 

1 CuCN ; 0.51 DMF ; 0.28 hlqC(OH)C%Br 

1 CuCN: 0.50 DhlF : 0.28 hleELC(OH)C%Br 
1 CuCN ; 0.50 DMF : 0.22 Me-o-PrC(OH)CECBr 

1 CuCN: 0.58 DMF : 0.21 Me-L-BuC(OH)C=--CBr 
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Fig. 1. Proposed polymenc structure of intermediate complex CU(CNL-(DMF)~-RR’C(OH)CBCB~. 

gives a coordination number of three. In the DMF-bromopropynol complex 
shown in Fig. 1, two chains of CuCN are linked together by bromopropynol 
acting as a bidentate ligand with DMF at alternate copper atoms. In this struc- 
ture each copper atom has a coordination number of three. The structure is 
compatible with the stoichiometry of the complex and the shifts observed for 
certain characteristic bands in the infrared region of both organic ligands. DMF 
is coordinated to copper(I) through the carbonyl oxygen causing a shift of the 
carbonyl stretching frequency from 1675 cm-’ (in free DMF) to about 1650 cm-’ 
(in complexed DMF) and a hypsochromic shift (ca. 22 cm-‘) for the N-C=0 
deformation. Similar observations were made by Jungbauer [6], who studied 
complexes of DMF with other transition metals. The proposed structure is also 
supported by (a) the presence in the IR spectrum of sharper bands which are 
shifted to higher frequencies for the stretching vibration of the hydroxyl group 
and (b) the absence of a band at around 2200 cm-’ corresponding to the CZC 
stretching mode. The fact that the C%C stretching band is also absent from com- 
plexes of copper(I) bromide, DMF and bromopropynols [7] may be taken as 
strong indication of ir-coordination between the acetylene group and copper(I) 
atoms. 

Any mechanistic scheme for the formation of hydrorybutynenitriles from 
1-bromopropyn-3-01s and copper(I) cyanide in DMF will have to account for 
the following facts: 

(i). Water is essential for the formation of product. In the absence of water 
only copper complexes are isolated. Hydrolysis with aqueous DMF (or other 
donors such as DMSO) yields the nitrile as the major product. However, the 
corresponding hexadiynediols are formed exclusively by treatment of the iso- 
lated complex with water only. 

(iij_ In all cases studied, about 90% of the bromine &om the bromopro- 
pynols is present in the mother liquor as Br- . 

(iii). The analysis of the residue which is left after hydrolysis and extrac- 
tion of products gives a clear indication that cyanide groups used to form the 
hydrosybutynenitrile are replaced by hydroxyl groups on the copper. The 
residue does not contain bromine. On this basis any mechanism [2,7] involving 
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formation of a 4centre transition state between EC-Br and CuCN which sub- 
sequently collapses to nitrile and copper(I) bromide can be excluded. 

(iu). Addition of strong completing agents like hydrosylamine to the 
reaction m&ture in DMF and hydrolysis of the resulting solub!e comples gives 
nitrile as the sole product. 

It is conceivable that the polymeric structure (Fig. 1) proposed for the iso- 
lated intermediate complex is cleaved by donor solvents such as DMF to an in- 
termediate stage containing species IV which is converted to V on addition of 
water. Both IV and V show copper(I) with a coordination number of 4 which is 
preferred for solutions. 

Br(J~R ,,_,JR 
I ‘R’ ‘R’ Bi + NC-GC-C(OH)RR’ 

N-C-Cu - DMF 
H20 

I 
- N-C-& - OH-, HSO+ + DMF-Cu(OH) 

DMF DMF (or DMF- 0~~0. H,O) 

(IV) (V) (VI) 

Formation of dlynediol as the sole product on treatment of the isolated 
comples with water only, would seem to suggest that the preservation to some 
degree of the polymeric structure of the complex is a necessary condition for 
the coupling reaction to take place. The same conclusion may also be drawn 
from the fact that the presence of hydrosylarnine completely prevents diynediol 
formation. This ligand may well disrupt or prevent polymer formation and the 
resulting complex remains in solution, probably in a monomeric form (VI, 
NH20H replacing DMF). It thus precludes the possibility of two bromopropynol 
molecules, RR’C(OH)C=CBr being sufficiently close in the complex for self- 
coupling to occur. The formation of diynediol from the proposed polymeric 
structure (Fig. 1) is rationalised in Scheme 1 by coordination of water to give a 
4coordinate copper(I) polymer which gives rise to carbon--carbon bond forma- 
tion as shown. 

This scheme accounts for the fact that 90% of bromine is found in solution 
as Br-, t,he absence of bromine in the solid residue and the presence of copper 
in the solution to the extent of only 4-5s could well he due to aerial oxidation. 
A 3d electron is transferred from copper to the carbon atom bearing the bromine 
and at the same time a bromide anion is expelled. The two acetylenic radicals 
thus formed are held in close proximity to each other in the proposed polymeric 
structure and immediately link up to form the hexadiynediol (III). The hydrated 
copper(I1) species formed during the coupling process, unstable in the presence 
of cyanide ions, is reduced to copper(I) cyanide*. By contrast, copper(I1) and 
bromide ions are found in amounts equivalent to the diynediol formed in the 
aqueous hydrolysates obtained from the self-coupling reaction of l-bromopro- 
pyn-3-01s (I) and copper(I) bromide [ 7 ] _ 

* C~~ogen~sthougbt~obe rormedbuttLspRsencehasnotbeen eslablisbed. 



SCHEME 1 

I 

1 
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Evperimental 

DMF was dried by azeotropic distillation with benzene. GLC was carried 
out with a nitrogen flow rate of 40 ml min-‘; infrared spectra were determined 
with a Perkin-Elmer 257 spectrophotometer for liquid films and for Nujol 
mu&; ultraviolet spectra for absolute ethanolic solutions with a Unicam SP800 
spectrophotometer. 

I-Bromoprop-l-yn-3-01s were prepared as detailed by Greaves, Kalli, Lan- 
dor and Landor [9]. Analyses for copper(I1) and bromide ions in solution were 
carried out by standard titrimetric procedures [lo]. 

4-Hydroxy-4~meth ylpen t-2-ynenitrile 
(a). Anhydrous copper(I) cyanide (49 g, 0.56 mol) and 1-bromo-3-methyl- 

but-1-yn-3-01 (22.3 g, 0.14 mol) were added to dry DMF (100 ml) under nitro- 
gen; the temperature was not allowed to rise above 50°C. The mixture was 
stirred for 2 h at 50”, allowed to cool and then poured into vigorously stirred 
water (500 ml). Stirring was continued until the solid was no longer sticky. 
After filtration, the aqueous solution was extracted with ether (4 X 50 ml). The 
solid was stirred with ether (3 X 50 ml) and filtered. The ethereal solution was 
washed with water (5 X 100 ml), dried (MgSO,) and distilled to give the nitrile 
(9.15 g, 60%), b-p. 62.4%/l-5 mmHg. (Found: C, 66.1; H, 6.6; N, 12.8. &H,NO 
caicd.: C, 66.1; H, 6.5; N, 12.8%) GLC on silicone oil at 80°C showed only one 

peak, ZI 6.8 min; v,,, 3380 (OH), 2290 (CZN), 2220 cm-’ (CZC). The residue 
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from the distillation gave 2,7-dimethylocta-3,5diyne-2,7-diol (0.3 g, 2’S), m-p. 
129-130°C (lit. [ll] 129-131”), A,,, 253, 240, 227 nm (E 245, 358, 338) on 
recrystallisation from chloroform_ 

(6). Copper(i) cyanide (20 g, 0.23 mol) and hydrosylammonlum chloride 
(16 g, 0.23 mol) were added to dry DMF (75 ml) and the mixture was heated to 
50°C. 1-Bromo-3-methylbut-1-yn-3-01 (22.3 g, 0.14 mol) was added whilst main- 
taining the temperature at 50”. The mixture was stirred at this temperature for 
a further 2 h and worked up as in (a). Distillation gave 4-hydrosy-4-methylpent- 
Zynenitrile (10.2 g, 56%), b-p. 5%59”C/l mmHg with an IR spectrum identical 
with that of the nitrile from (a). 

4-Hydroxy-4-methylhex-Z-ynenitrite 
(a). Copper(i) cyanide (56 g, 0.6 mol) and 1-bromo-3-methylpent-1-yn-3-01 

(26.8 g, 0.15 mol) in dry DMF (100 ml) at 50°C for 2 h under nitrogen gave (i) 
the nit.nJe (11.4 g, 62%), b.p. 72”C/1.5 mmHg. (Found: C, 68.1; H, 7.5; N, 11.3. 
C,H,NO calcd.: C, 68.2; H, 7.4; N, 11.4%) GLC on silicone oil at 100” showed 
one peak, R, 6.6 min; v,,, 3420 (OH), 2290 (EN), 2220 cm-’ ((EC), and (ii) 
3,8-dimethyldeca-4,6-diyne-3,8diol (0.8 g, 6%), m.p. 86-87”C (lit. [ 121 89-91”), 
h rn3’L 253,241,229 run (E 251,367,350). 

(b). Copper(I) cyanide (20 g, 0.23 mol), l-bromo-3-methylpent-1-yn-3-01 
(26.8 g, O-i5 mol) and lrydrosylammonium chloride (16 g, 0.23 mol) in DMF 
(75 ml) at 50°C gave the nitrile (9.6 g, 56%); b.p. and spectra identical to those 
of the product from (a). 

4-Hydroxy-4-methylhept-2-ynenitrrle 
(a). Copper(I) cyanide (35.8 g, 0.4 mol), 1-bromo-3-methylhes-l-yn-3-01 

(19.1 g, 0.1 mol) in DMF (100 ml) at 50” for 2 h under nitrogen gave (I) the 
nitrile (8.5 g, 62%), b-p. 95”C/2 mmHg. (Found: C, 70.0; H, 8.2; N, 10.9. 
C,H, ,NO calcd.: C, 70.0; H, 8.1; N, 10.2%~~) GLC (silicone oil) at 120°C gave a 
single peak, R, 6.6 min; v,.,.,,,~ 3420 (OH), 2290 (EN), V, 2220 cm-’ (C=(Z), and 
(ii) 4,9-dimethyldodeca-5,7-diyne-4,9-dloi (0.22 g, 2%), m-p. 112-4°C; Amax 253, 
241,230 nm (E 255,370,259). 

(6). Copper(I) cyanide (13.4 g, 0.15 mol), 1-bromo-3-methylhex-1-yn-3-01 
(19.1 g, 0.1 mol), hydrosylammonium chloride (10.5 g, 0.15 mol) in DMF 
(75 ml) at 50°C gave the nitrile (8.2 g, 60%); b-p. and spectra identical to those 
of the nitrile from (a). 

4-Hydroxy-4,5,5-trimethythex-2-ynenitrile 
(a). Copper(I) cyanide (35.8 g, 0.4 mol), l-bromo-3,4,4-trimetbylpent-l- 

yn-3xol (20.5 g, 0.1 mol) in dry DMF (75 ml) at 50°C for 2 h under nitrogen 
gave (i) the nitrile (9.1 g, 60%), b-p. 79”C/l mmHg. (Found: C, 70.4; H, 8.7; N, 
9.1. CgH,jNO calcd.: C, 71.4; H, 8.7; N, 9.2%) GLC (silicone oil) at 100°C 
gave a single peak, RL 12.4 min; vmax 3180 (OH), 2290 (Cz-N), u, 2220 cm-’ 
(EC), and (ii) 2,2,3,8,9,9-hesamethyldeca4,6-&yne-3,8-dial (0.25 g, 2%), m-p. 
132&C; A,,, 253,242,231 nm (E 260,374,363). 

(6). Copper(i) cyanide (13.4 g, 0.15 mol), 1-bromo-3,4,4-trimethylpwt-l- 
yn-3-01 (20.5 g, 0.1 mol), hydroxylammonium chloride (10.5 g, 0.15 mol) in 
dry DMF (75 ml) at 50°C gave the nitrile (7.8 g, 55%) with b-p. and spectra as 
in (a). 
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TABLE 4 

ANALYTICAL RESULTS FOR COMPLEXES OF C~‘CN WITH DMF AND RR’txOHKXBr 

R R Yield 

6) 
Found (5%) 

CU C H N Br 

Me Me 19 35.0 27.2 2.3 11.9 12.8 
Me Et 32 35.1 27.6 2.9 11.5 1.x-I 
Me n-h 34 34.6 26.2 3.0 11.4 12.1 
Me 1.BU 30 32.7 27.1 3.7 11.4 11.9 

Complexes CuCN- 0.5 DMF- 0.25 RR’C!(OH)C=CBr 
All the intermediate compleses were prepared as follows: the l-bromopro- 

pyn-3-01, RR’C(OH)CSCBr (0.1 mol) was added to a stirred suspension of cop- 
per(I) cyanide (0.4 mol) in dry DMF (75 ml) under nitrogen. Throughout the 
addition of the bromopropynol and the subsequent stirring for 2 h, the temper- 
ature of the reaction mixture was maintained at 50°C. GLC of the resulting so- 
lution showed that the bromopropynol had completely disappeared but no 
peak for nitrile or diol could be detected. The brown solid (yields 29-34s) 
which separated on cooling was filtered, washed with dry ether and dried in 
vacua. The addition of ether precipitated Further crops of impure complex. 
Microanalyses are listed in Table 4. 

Hydrolysis of complex Cu(l)CN- 0.5 DMF - 0.25 MeEtC(OH)C=CBr 
(i). With aqueous DMF. The complex (15 g) was stirred with a solution of 

DMF (40 ml) in water (200 m1) until the resultant cream coloured solid be- 
came granular. Work up as above gave 4-hydrosy-4-methylhex-2-ynenitrile 
(1.6 g, 59%) and 3&dimethyldeca-4,6-diyne-3,8diol (0.1 g, 4.7%). 

The residual complex does not contain bromine or acetylenic ligand*; v,,, 
2180 and 2120 (C-N), 1680 and 1640 cm-’ (CEO). Analysis gave C, 17.9; H, 
1.38; Cu, 59.5; N, 15.9% and calculation showed that this solid contained osy- 
gen in excess of that required by a CuCN-DMF complex. 

(ii). With mater. The complex (33 g) was stirred with water (200 ml) until a 
granular solid was formed. Work up as before gave 3,8dimethyldeca-4,6-diyne- 
3,8-dial (1.7 g, 36%), m.p. 8687°C. The residual copper(I) complex (Cu. 53.8%) 
contains bromine detectable by sodium fusion but not by adding a silver nitrate 
solution to the solution produced by digesting the complex with nitric acid. The 
result indicates the presence of 1-bromoprop-1-yn-3-01 in the complex. v,, 3520 
and 3420 (OH), 2120 and 2180 (CeN), 1650 (C-O), 1480,138O cm-‘. 

Hydrolysis of complex Cu(i)CN - 0.5 DMF - 0.25 Me-t-BuC(OH)C=CBr 
The complex (15 g) treated with aqueous DMF, as described above, gave 

4bydroxy4,5,5-trimethylhex-2 -ynenitrile (1.7 g, 53%) and 2,2,3,8,9,9-hexa- 
methyldeca_4,6diyne-3,8diol (0.5 g, 19%). 

* confirmed by u-g (cH,)2’JC(OH)wBr LP these reactions IoUowed by measurement of radio- 

aehvity at each stage. 
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Conclusion 

Unstable n-complexes of copper(I) cyanide and 1-bromopropyn-3-01s may 
be isolated and these react under controlled conditions to give either acetylenic 
nitriles or coupled products (diynediols). 
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