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Previous ly  it was found [1, 2] that bromoal lenes  of the (I) type reac t  with various neutral  arid ionic 
nucleophilic reagents  to give difunctional der ivat ives  of the acetyIene se r ies .  

In principle,  substitution at the vinyl center  can proceed  by severa l  mechanisms [3, 4]. In our ease 
the scheme given in [4] seemed to be mos t  probable,  which includes the formation of the bipolar  carbene 
intermediate  (]I) 
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Previous ly  it was shown [5] that substituted bromoal lenes  (I) actually undergo direct  isotope ex- 
change at the bromoal lenyl  grouping. However, when the generation of the carbene was attempted under 
the conditions of its probable formation,  i . e . ,  via the H-metala t iou of 1 -b romo- l , 2 -bu tad i en -4 -o l  (][~ X 
= OH) by t rea tment  with BuLl, we were unable to r eco rd  the formation of hydroxymethyivinyl idenecarbene 
(IV); the react ion unexpectedly led to the stabilization of the postulated lithium organobromo derivative 
(HI) to the neutral  bromovinylacetylene [6], evidently via the cleavage of Li20. K BuLl fails to cause the 
a , a - c l e a v a g e  of HHal, then it is even less  probable that it can occur  by t rea tment  with weaker  bases  like 
amines,  which even at high tempera ture  are  incapable of cleaving HHal f rom nonactivated vinyl halides. 
Consequently, the formation of a type (II) "carbene" b y t r e a t m e n t  with amines cannot be assumed in o rder  
to explain the replacement  of bromine  in allenyl halides.  
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As a continuation of these studies, and in pa r t i cu la r  to ascer ta in  the effect of a substituent attached 
to the haloallenyl grouping, we studied the replacement  of bromine by amines in the se r ies  of aliphatic 
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bromoa l l enes  (V)-(VII), which lack an a - H  a tom.  The a lkoxy-subs t i tu ted  b romoa t t enes  (V)-(VII) were  ob- 
tained p rev ious ly  [7] f rom the condensation products  of ch loromethyl  alkyl e the r s  with bromovinylace ty lene .  

The same  aeetyleuie  d iamines  a r e  fo rmed  in 33-50% yield when e i ther  (V) or  (VI) is heated with ex-  
ce s s  Me2NH in CH3CN at 40~ for  10-15 h. This  indicates  that the reac t ion  can p roceed  as r ep lacemen t  of 
the b romine ,  with s imul taneous  a l l e n e - a c e t y l e n e  r e a r r a n g e m e n t .  

The p r o c e s s  can be depicted as:  a) a t tack by the nucleophilic reagent  on the carbon bear ing  the 
b romine  a tom (C1), which leads  to a l lenyldiamine (VIII), which then undergoes  p ro to t rop ie  r e a r r a n g e m e n t  
to the cor responding  1 ,4-diamine (IX), o r  b) SN1 (or SN2') a t tack  on the C 3 carbon of  the alleue sys tem,  
which immedia t e ly  leads  to the 1 ,2-d iaminoacety lene  (X) 
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l HN(CI-I,), [: 
Br N(Ctts)a (VI I ! )  

X=C1 (V), N(CHs)~ (VI) 

�9 (b) l HN(CH')' l 
AlkOCH,C__~CCHCH2N(CHa)2 AlkOCH2CHC--CCI-I,N(CH3h 

[ I 
(X) N(CHs)~ N(CHa)~ ( I X )  

Alk=CHa (a), C~H5 (b) 

The s t ruc tu re  of the obtained d iamines  as  being compounds of the (X) type ensues  f rom the following 
data.  T h e i r  IR spec t rum contains a weak band at  2210 e m  -1, which is cha rac t e r i s t i c  for  a disubst i tuted 
t r ip le  bond. The NlVIR s pec t rum  of these compounds has  s ignals  at  6 2.37 (2H, d, 5 = 7 Hz, CH2N), 3.36 
(1H, m,  -CCHN) ,  and 4.0 ppm (2H, d, J = 2 Hz, -CCH20) .  The chemica l  shift  and the c h a r a c t e r  of the 
spl i t t ing indicate the p r e s e n c e  of the OCH2C-=CCH(N)CH2N grouping. All of this is in full ag reemen t  with 
the s t ruc tu re  of 1 ,2 -b i s (d imethy lamino) -5 -a lkoxy-3-pen tyne  (X) and excludes s t ruc tu re  (IX). 

T h e i r  convers ion  to p y r r o l e s  s e r v e s  as convincing p roof  of the s t ruc tu re  of the d iamines  and as ad-  
dit ional conf i rmat ion  of the fact  that the reac t ion  p roceeds  by path b). If a mix tu re  of the altene halide (V) 
and a p r i m a r y  amine  is heated in CH3CN at 120 ~ for  10-20 h then p y r r o l e s  of the (XID tyoe a r e  formed,  the 
s t ruc tu re  of which unequivocal ly follows f r o m  the i r  NMR spec t r a  (group of s ignals  in the 5.6-6.5 ppm 
region,  which a r e  c h a r a c t e r i s t i c  for  the protons  of a py r ro l e  ring).  The fo rmat ion  of p y r r o l e s  of such 
s t ruc tu re  is poss ib le  only by the i n t r amolecu l a r  cyel izat ion of the in te rmedia te ly  fo rmed  aeetylenie  diamine 
(XD, which, in turn,  can a r i s e  only as the r e su l t  of initial  p r o g r e s s  of a reac t ion  of the b) type. S imi lar  
i n t r a m o l e c u l a r  eycl iza t ions  of acetylenie  d iamines  with a monosubst i tu ted t r ip le  bond, as  was shown p r e -  
viously [8], leads  to a lky lpy r ro l e s  

RNH~ 
Alk0CH~C=C=CHCH2C| ~ - - ~  Alk0CH~C~CCHCH~NHR 

I I 
(V) Br (xI) NHR 

t , I j (x i) R 
Alk=CH3, R=i-CaH~ (a), Alk--C2Hs. R~i-C4H0 (b) 

The b romoa l l en ic  ace ta te  (VII), when reac ted  with Me2NH or  benzylamine,  behaves  in the same m a n -  
ner  as (V) and (VD. The reac t ion  is accompanied  by saponif icat ion of the ace ta te  group and leads to the 
cor responding  acetylenic  amino alcohols of the (XIII) type 

RRtNH 
CHa0CH~C=C=CHCH~OAc ~ CHaOCH~C=___CCHCH~OH + AcNRB t 

I [ 
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Since the s t ruc tu re  of the fo rmed  amino alcohol cannot be p roved  on the bas i s  of the data of the NMR 
spec t r a  (the s ignals  of the pro tons  of the ~CCH(N)CH20 grouping proved  to be equivalent) the chemica l  
route was used to conf i rm its s t ruc tu re .  Amino alcohol (XIIIb) was se lec t ive ly  hydrogenated ove r  Lindlar  
ca ta lys t  to the ethylene der iva t ive  (XIV), the c leavage of which with ozone in the p r e sence  of H202 gave the 
known methoxyaee t ie  acid (60% yield). These  r e su l t s  conf i rm the fact  that the acetylenic  amino alcohols ,  
fo rmed  f rom (VII), actual ly  have the s t ruc tu re  of (XIE). 
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As a result ,  we were the f i rs t  to obtain data on the ability of nonactivated bromoallene compounds to 
undergo nucleophilic substitution react ions .  

EXPERIMENTAL METHOD 

The GLC analyses were run on a "Khrom-31" instrument equipped with a glass column (2 m • 3 mm 
spiral); the stationary phase was ~o Silicone SE-30 + 2% PEGA deposited on silanized Chromosorb W. 
The NMR spectra were taken on Varian DA-60-1L and Perkin-Elmer R-12 instruments, using HMDS as 

the internal standard. 

1,2-Bis(dimethylamino)-5-methoxy-3-pentyne (Xa). A mixture of 1.28 g of amine hydrochloride (Via) 
anda 5-to 6-fold excess of Me2NH in 25 ml of CH3CN was heated in a sealed ampul at 40 ~ for 12 h. The 
mixture was diluted with water, extracted with ether, and dried over BaO. Distillation gave 0.51 g (55%) 
of amine (Xa), bp 58-60 ~ (0.4 ram); n~ 1.4603. NMR spectrum (CCI 4, 5, ppm): 2.12 (s, NMe2), 2.19 (s, 
NMe2), 2.37 (d, J = 7 Hz, CH2N), 3.23 (s, CH30) , 3.36 (m, -=CCHN), 4.0 (d, J = 2 Hz, ~CCH20). Found: 
C 65.28; H 10.90; N 15.40%. CI0H20ON 2. Calculated. C 65.21; H 10.86; N 15.21%. Bishydrochloride 
of the base, mp 155-157 ~ (from DMF). The IR spectrum contains the absorption band of the C=C bond at 
2220 cm -I. 

In a similar manner, the same diamine (Xa) was obtained in 32% yield from 2.3 of dihalide (Va) with 
excess Me2NH in CH3CN (40 ~ 14 h). 

1,2-Bis(dimethylamino)-5-ethoxy-3-pentyne (Xb)_~. A solution of 2.4 g of dihalide (Vb) was heated 
with excess Me2NH under the same conditions as above for 15 h. Distillation gave 0.61 g (~30%) of di- 
amine (XI~), bp 69-71 ~ (0.4 ram); n~ 1.4640. Bishydrochloride of the base, mp 151-152 ~ (from absolute 
alcohol-ether). Infrared spectrum: 2220 em -i (C-C). NMR spectrum (CD3OD, 5, ppm): i.I (t, J = 7 Hz, 

CH3), 2.93 (s, NMe2), 3.0 (s, NMe2), 3.53 (qu, J = 7 Hz, OCH2), 3.85 (d, J = 7 Hz, CH2N), 4.27 (d, J = 2 
Hz, ---CCH20), 4.83 (2NH), 5.15 (m, -=CCHN). Found: C 48.45; H 8.78; N 10.45; C1 26.02%. C llH24C12N20. 
Calculated: C 48.71; H 8.85; N 10.33; CI 26.20%. 

N-Isopropyl -2-methoxymethy lpyr ro le  (XIIa). A solution of 2.3 g of dihalide (Va) and excess  i -PrNH 2 
in 20 ml of CH3CN was heated in a glass  ampul at 120 ~ for 16 h. The solution was diluted with 2% HCl solu- 
tion, and the neutral  products  were extracted and dried over  K2CO 3. Distillation gave 0.33 g (~22%) of 
pyr ro le  (XVIIa), bp 45-48 ~ (1 ram), n~ 1.4802, which, based on the GLC data, contained 84% of the pr in-  
cipal compound. NMR spect rum (CCI4, 5, ppm): 1.1 (d, J = 7 Hz, 2.CH3) , 3.04 (s, CH30). 3.1-3.4 (un- 
resolved m, CHN), 4.14 (s, CH20), 5.76 (2H of ring), 6.34 (1H of ring).  The acid port ion was saturated 
with K2CO 3 and extracted with ether.  Distil lation at 0.06 mm (200 ~ gave 0.6 g of substance with n~ 1.4698, 
which is apparently the acetylenic diamine (XI, R = i -Pr ) .  

N-Isobuty l -2-e thoxymethylpyrro le  (XIIb). In a s imi lar  manner ,  a solution of 2.4 g of dihalide (Vb) 
and excess i-BuNH 2 in CH3CN was kept at 80 ~ for 12 h and then at 120 ~ for 14 h. The mixture was sepa-  
rated into neutral  and acid port ions.  Distil lation gave 0.62 g (35%) of the pyr ro le ,  bp 54-56 ~ (1 ram); n~ 
1.4716. Based on the GLC data, the amount of the principal  product  was 94-96%. NMR spect rum (CCI4, 
5, ppm): 0.82 (d, g = 7 H z ,  2CH3), 1.05 (t, J = 7Hz ,  CH3), 1.45 (m, 1H), 3.29 (qu, J = 7Hz ,  OCH.), 3.6 
(d, J = 7.5 Hz, CH2N) , 4.26 (s, CH20), 5.85 (2H), 6.43 (1H). Found: 
N 7 . 7 ~ .  

2__-N-Benzytamino-5-methoxy-3-pentyn-l-ol  (XIIIa). A mixture 
(VII) (86% pure) and 2.7 g of benzylamine in 20 ml of CH2"CN was kept 
distil led off, and 110 ml of 2% HCI solution was added to the residue.  

N 7.42%. CllH19NO. Calculated: 

of 1.2 g of the bromoal tenie  acetate 
at 40 ~ for 15 h. The solvent was 
The acid portion was saturated with 

K2CO3, extracted with ether,  and purified by column chromatography on neutral  AI203. We obtained 0.29 g 
(29%) of amino alcohol (XIIIa) as cottonlike needles with mp 730 ~ (from e the r -pe t ro l eum ether).  Nt~R spec-  
t rum (CC14, 5~ ppm): 3.25 (s, CH30), 2.9-4.1 (masked signals of OCH2C--CCH(NHCH2)CH2OH grouping), 
7.18 (b roads ,  C~Hs). Found: N 6.02%. C13H1702N. Calculated: N 6.39%. 

.2 -Dimethy lamino-5-methoxy-3-pen tyn- l -o l  (XIIIb). A mixture of 2.1 g of acetate (VII) and excess  
Me2NH was kept at 40 ~ for 10 h and then at 70 ~ for 15 h. The react ion products  were separated into neu- 
tral  and acid port ions;  af ter  saturat ion with K2CO3, extract ion and distil lation (120 ~ 0.1 ram), f rom the 
acid port ion we obtained 0.45 g of amino alcohol (XIIIb) as a mixture with its acetate,  n~ 1.4608-1.4665 
(based on the data of the IR and NMR spectra ,  the amount of the acetate was 38%). The saponification of 
this mixture with 2% KOH solution and subsequent chromatographing of the residue of A1203 gave 0.27 g of 
amino alcohol (XIIIb) as an oil, n~ 1.4698. NMR spect rum (JNM-4H-100 instrument,  100 MHz, CCl4, 5, 
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ppm): 2.26 (NMe2), 3.04 (OH), 3.28 (s, CH30) , 3.46 (s, -CCH(N)CH20, 4.10 (s, -CCH20  ). The hydro-  
chloride of the base  was obtained as  a noncrys ta l l iz ing  oil. 

Hydrogenat ion of Amino Alcohol (XIIIb) and Ozonization of Obtained Product .  A solution of 0.4 g of 
(XIIIb) in 20 ml  of ethyl ace ta te  was hydrogenated in the p r e s e n c e  of 5% Lindlar  Pd ca ta lys t  until 1 equiv 
of H 2 had been abso rbed  (14 h ) .  F r o m  the res idue ,  a f t e r  r emova l  of the ca ta lys t  and solvent,  we isola ted 
0.32 of the vinyl amino alcohol (XIV) as  an oil, n~ 1.4642. In f ra red  spec t rum (v, cm-1): 1632 (CH--CH). 
With cooling in an i c e - s a l t  mix ture ,  a s t r e a m  of ozone was p a s s e d  for  2.5 h (0.4 g of ozone/h)  through a 
solution of 0.3 g of the obtained alcohol (XIV) in 20 ml  of absolute CHCl 3. The ozonide was decomposed  
with 3% H202 solution. Neutra l  p roducts  were  not detected when the ozonide was decomposed.  Careful  
vacuum-dis t i l l a t ion  of the mix tu re  of acids gave us 110 mg  (60%) of the low-boil ing methoxyaeet ic  acid, 
which was c h a r a c t e r i z e d  as the methyl  e s t e r  (by t r ea tmen t  with CH2N2), the IR spec t rum and GLC p a r a m -  
e t e r s  of which p roved  to be identical  with the p a r a m e t e r s  of the authentic specimen.  

C O N C L U S I O N S  

1-Alkoxymethyl - subs t i tu ted  1 -b romoa l l enes  r eac t  with p r i m a r y  and secondary  amines  by the usual  
scheme  of nucleophilic substi tut ion and lead to the fo rmat ion  of polyfunctional acetylenic  compounds,  which 
excludes the earbene  mechan i sm of s i m i l a r  reac t ions .  

i .  

2. 
3. 

4. 

5. 

6. 

7. 

8. 

L I T E R A T U R E  C I T E D  

M. V. Mavrov,  t}. S. Voskanyan, and V. F. Kucherov,  Izv. Akad. Nauk SSSR, Ser. Khim.,  884 
(1968). 
M. V. Mavrov,  E. S. Voskanjan, and V. F. Kucherov,  Te t rahedron ,  2..55,' 3277 (1969). 
C. Pa ta i  and Z. Rappoport ,  C h e m i s t r y  of Alkenes  [Russian t ranslat ion] ,  C. Pata i  (editor), Khimiya 
(1969), p. 302; Z. Rappoport ,  Advan. Phys .  Org.  Chem.,  7, 1 (1969). 
V. J .  Shiner and J.  W. Wilson, J .  Am. Chem. Soc., 8_~4, 2402, 2408 (1962); V. J .  Shiner and 
J .  S. Humphrey ,  ibid., 8._99, 622 (1967). 
M. V. Mavrov,  A. P. Rodionov, and V. F. Kucherov,  Izv. Akad. Nauk SSSR, Ser. Khim.,  885 
(1971). 
M. V. Mavrov, A. P. Rodionov, E. P. Prokof'ev, and V. F. Kueherov, Zh. Org. Khim., 9, 658 
(1973). 
M. V. Mavrov, A. P. Rodionov, V. M. Shitkin, S. D. Kulomzina, and V. F. Kucherov, Izv. Akad. 
Nauk SSSR, Ser. Khim., 948 (1973). 
]~. S. Voskanyan, M. V. Mavrov, and V. F. Kueherov, ibid., 1836 (1968). 

338 


