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tion and the removal of most of the solvent fol- 
lowed by the addition of n-hexane, the adduct 
separated in form of a yellow red layer which sub- 
sequently crystallized. Bisacrylonitrile nickel bis- 
triphenylphosphine, Ni (CH2=CH--CN) 2.2P- 
(C6H5)3 (11) forms yellow, somewhat fluorescent 
diamagnetic7 crystals. When heated in a closed 
tube, I1 decomposes above 140" into nickel, tri- 
phenylphosphine and acrylonitrile. It is soluble 
in ether, benzene, acetone and alcohol but only 
sparingly soluble in n-hexane. I t  can be recrystal- 
lized from a concentrated etheral solution upon 
addition of n-hexane. I1 is sensitive to oxygen 
though not pyrophoric ; solutions, however, are 
almost instantaneously decomposed when brought 
into contact with air. Anal. Calcd. for I1 Si, 
8.52; P, 8.99; N, 4.06. Found; Ni, 8.G9; 8.6s; 
P, 9.03; 9.20; N (Kjeldahl), 3.85%. Molecular 
weight calcd. 689.4; found (cryoscopic in benzene 
under nitrogen) 600 and 632. Dipole moment in 
benzene solution a t  25': 6.00 i 0.07 D. The 
nitrile stretch is found a t  2167 cm.-l(Nujol) The 
slight shifts in comparison to the 1:l triphenyl- 
phosphine adduct (CN: 2180 cm-') and to I (CN: 
2220 em.-') can be attributed to an increasing 
positivation of the nitrile groups. The positiva- 
tion of the nitrile groups can be the result of a de- 
crease of electron back-donation into the double 
bonds due to the coordination of the nickel atom 
with triphenylphosphine. Bisacrolein nickel, Ni- 
(CH*==CH-CHO)z (-4nal. Calcd. Xi, 34.37; 
acrolein, 65.63. Found: Ni, 34.3; acrolein, 63.2) 
appears to have a structure similar to I. It also 
forms adducts with triphenylphosphine. Ni (CH2= 
CH--CH0)22P(CeHs)3 forms yellow-red, air-sensi- 
tive crystals which start to decompose above 140'. 
Anal. Calcd. Ni, 8.44: P, 8.91: found Ni, 8.34; 
P, 8.47. Details concerning these compounds will 
be reported later together with a description of 
further catalytic applications and reactions of 
representative members of this new class of nickel 
complexes. 

(7) Bisacrylonitrile nickel has a small paramagnetic moment of 
0.68 Bohr magneton. Anomalous magnetic moments also were observed 
in the case of similar complexes (unpublished data).  I am indebted to  
hrr. H. Olf of the Technische Hochschule a t  Munich for the magnetic 
measurements. 
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Sir: 
The preceding communication reported evidence 

allowing assignment of structures to fumagillin 
and its derivatives.2 The present paper describes 

( 1 )  Supported in  part  by Grant E-1138 of the  U. S. Public Health 
Srrvice. Compounds described in this and the preceding cominiinica- 
tion have been characterized by elementary and group analysis, 
infrared spectra, optical rotation, ultraviulet absorption where ~ p -  
plicable, and n.m.r. spectra in most cases. 

( 2 )  D S. Tarhell, R. M. Carman, D. D. Chapman, K. R. Huffman 
arid S.  I. McCorkindale, THIS JOURNAL, 82, 1005 (1960). 

the conversion of a fumagillin derivative to a benzo- 
furan, and proof of structure of the latter by syn- 
thesis. 

Treatment of the desoxyhexahydroalcohol (I) 
with tosyl chloride-pyridine gives in good yield 
the perhydrobenzofuran 11, with loss of methanol 
and cyclization; reduction of I1 with lithium alu- 
minum hydride gives IIa, and this on selenium de- 
hydrogenation gives a good yield of a mixture 
of the benzofuran I11 and the hydrocarbon IV. 

II,K='OTs 
I I a . R =  H 

OH I 

CH, 

I11 'CH,CH,CH,), V I\, 

We have observed four other cases of cycliza- 
tion similar to that above with different conditions 
and different derivatives related to I. The secon- 
dary hydroxyl group adjacent to the methoxyl in 
I is not involved in the cyclization, because a coni- 
pound related to I, in which the secondary hydroxyl 
is etherified with tetrahydropyran, also  cyclize^.^ 
The formulation of I1 and related compounds is 
consistent with the n.m.r. spectra showing two 
protons on carbon adjacent to oxygen a t  76.2-6.5; 
in one derivative of 11, where R is carbonyl, one 
proton has 75.68, indicating that i t  is adjacent to 
the carbonyl and to the heterocyclic oxygen. 

The proof of the perhydrobenzofuran ring in 
I Ia  by dehydrogenation to I11 and synthesis of 
the latter supports the structures suggested previ- 

The structure of I11 was apparent from its analy- 
sis, ultraviolet, infrared and n.m.r. spectra. It was 
synthesized from 3-methyl-4,6-dichlorophenol (V) 
by alkylation with 3-bromo-6-niethyl-2-heptanone 
to give VI, with subsequent cyclization by cold 
sulfuric acid, to give the crystalline 2-isoamyl- 
3,4-dimethyl-5,7-dichlorobenzofuran (m.p. 52') in 
43% over-all yield. The chlorines were removed 
by hydrazine 5% palladium on carbon in refluxing 
methyl cell~solve,~ giving I11 in 94% yield. The 
bromo ketone was prepared by formation of the 
enol acetate5 from 6-methyl-2-heptanone6 with 
subsequent bromination and decomposition in 
methan01.~ 

The identity of synthetic I11 with that obtained 
by degradation was demonstrated by the complete 

ously. 

(3) Analogy for this cyclization is provided by the formation of 2- 
methyltetrahydrofuran b y  lithium aluminum hydride treatment of 
CHaO(CHrJaCH(0Bs)CHs and CHaCH(0CHa) (CHdaOBS: E. L. 
Allred, Ph .D.  Dissertrrtion. University of California, Los Angeles, 
1959, pp. 146-160. We are indebted t o  Professor S. Winstein for com- 
municating these results prior to  publication. Other cyclizations ac- 
companied by methoxyl cleavage are reported hy S. Winstein. E. All- 
red. R. Heck and R. Click, T r f r a h d r o i z ,  3 ,  1 (1058); cf. D. S. Noyce 
and H. I. Wt-ingarten, THIS J O U R N A L ,  79. 30'33, 3098 (1937) .  

( 4 )  W. I,. hlosby, C h o n .  and I n d . ,  1348 (195Q). 
( 5 )  Cf. E. €1. Man,  I?. C. FrosticK, Jr.. aod C. 11. Elaiiscr. TIJIS 

( 0 )  D. H. Hey and D. S. Morris, J .  Chem. Soc., 48 (1945). 
(7)  Cf. P. 2. Bedoukian, Tars JOURNAL, 67. 1430 (1945). 

J O U R N A L ,  74, 3228 (1952). 
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correspondence of infrared, and n.m.r. spectra, and 
by identical retention times in vapor phase chroma- 
tography. Synthetic and "natural" I11 showed 
a single peak when a mixture was examined by 
V.P.C. An isomer of 111, 2-isoamyl-3,7-dimethyl- 
benzofuran, prepared from o-cresol and the above 
bromo ketone, showed marked differences from I11 
in its infrared, ultraviolet and n.m.r. spectra and in 
its rctention time. 

The structure of I V  is assigned on the basis of 
analysis and the similarity of its ultraviolet and 
infrared spectra to those of 1-methyl-2-isopropyl- 
benzene.8 

Although alcohol-I contains fifteen carbon atoms, 
plus methoxyl, its structure, as deduced here,2 
does not follow the isoprene rule completely. 
Stereochemical and synthetic studies are now under 
way.9 

(8) Infrared spectrum of methylisopropylbenzene: A.P.I .  Project 
41, Catalog of Infrared Spectra, 1585 and 1040; the  spectrum of 1- 
methyl-2-n-propylbenzene ( ibid. ,  no. 1964) is markedly different 
from tha t  of IV. 

(9) We are indebted to  Abhott  Laboratories for supplies of fumagil- 
lin, for fellowship support ,  and  for many microanalyses by Mr. E. F. 
Shelberg and his staff. Other analyses are by hlicro-Tech, W. Man-  
ser, and Thomas hfontrska of this laboratory. Dr. D. 5 .  Wilson 
and Mr ,  Y. Kawazoe supplied n.m.r.  spectra and helped in their inter- 
pretation. Ultraviolet spectra were determined b y  Mr .  Carl White- 
man. We are particularly grateful to  many colleagues, from this 
and other laboratories, for stimulating discussions during the progress 
of this work. 

(10) Ahbott Laboratories Fellow, 1959-1960. 
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RACEMIZATION, ACETOLYSIS AND RADIO- 
CHLORIDE EXCHANGE OF TWO ALKYL CHLORIDES' 
Sir: 

In  rearrangeinent, exchange and solvolysis 
reactions of neutral organic substrates proceeding 
by way of carbonium ions, it  is important to dis- 
tinguish between ionization and dissociation and to 
consider ex1)licitly the role of different ionic inter- 
mediates representing various stages of ionization- 
d isso~ia t ior i .~~~ This situation is best understood 
with certain rearranging  system^.^,^ More re- 
cently, ion pairs also have been considered or in- 
voked in the interpretation of solvolysis and ex- 
change reactions of halides of the benzhydry14 

(1) Research supported by the National Science Foundation. 
( 2 )  (a) W. G. Young, S. Winstein and  H. L. Goering, THIS J O U R N A L ,  

73, 1958 (1951); (b) S. Winstein. et al., i b i d . ,  7 , .  11,54, 2105, 2171 
(1952);  (c) C. A. Grob and S.  Winstein, Helu. Chiwz. A c t a ,  36, 782 

:' S.  Winstein, et u t . ,  THIS J O I J R X A I . ,  76, 2687 (1954) ;  78, :138, 
278-1 1 i%X;  80, l l i ! ) ,  ,459 (19%); ( ' k P n 7 2 C l v ~ ~  n i i d  Indi l r -  
34); I ! d z ~ ,  ( h i , i i  .-lt!a, 41, 807 (1H5X). 

Wiubtei11, A. 1%. I'aiuliery and  IL, Grunwaid, 'YtiIs Joun 

( 1  982). 

x. \ i ,  79, 4140 (19571; ( b )  G. Kohnstam and B. Schillaher, J .  Chem. 
Soc., 1815 (1959). 

TABLE I 
RATE CONSTANTS IN ACETIC ACID AT 25.0' 

C1 C6H4CH ClCCHj 
B u ~ S  1.25  . . 21 0.30 . . 70 . . 
B u r s  1.25 1.27 60 .87 0.52 69 115 
Li 1 .20  . . 6 . 8  .21 . . 32 . . 
Li 1 .25  2.12 7.2 .25  0 .32  29 23 

(CK3)sCeHrCHClCHa 
B u ~ S  2.50 . . 57 5 . 5  . . 10 . . 

4.4 . .  l a  . .  Li 2.54 . .  3 1  

Li 2.51 2 .40  63 5 . 5  7 . 8  11 8 

or trity15 type. With these systems, no clear 
measure of ionization rate and the importance of 
ion pair return has been available. However, extra 
information about ionization rate would be pro- 
vided by rates of racemization of optically active 
substrates. 

We have now compared first order rate constants 
for racemizatior~~.~ ( k , ) ,  s o l ~ o l y s i s ~ ~ ~  (kt) and radio- 
chloride exchange6 (ke) for both p-chl~robenzhydryl~ 
and a-mesitylethyl8 chlorides in anhydrous acetic 
acid solvent and for chlorobenzhydryl chloride in 
80% aqueous acetone. The various rate constants 
in acetic acid containing lithium or tetrabutyl- 
ammonium acetate and chloride (NT) are sum- 
marized in Table I, along with the corresponding 
(k,/kt) and (k,,'kt) ratios. ITith p-chlorobenzhy- 
dryl chloride it is clear that racemization is faster 
than acetolysis by factors of ca. 30-70. Also, 
racemization is more rapid than radio-chloride 
exchange by similarly large factors, rate of exchange 
being comparable to that of acetolysis. 'Ii'ith 
a-mesitylethyl chloride in acetic acid solvent, 
acetolysis and exchange also occur a t  comparable 
rates. The ( k ,  lkt) ratios of polarimetric and acetol- 
ysis rates are 10-13, somewhat smaller than those 
for chlorobenzhydryl chloride. 

With chlorobenzhydryl chloride at  25" in SO% 
acetone instead of acetic acid solvent, the (k,/kt) 
ratio has decreascd to 4.9, and rate of exchange 
in the presence of 0.0155 LV BudNC1 has dropped 
to ca. one-tenth of the solvolysis rate. 

In contrast with rearranging systems such as 
norborny12b or thl.co-3-anisyl-2-butyl:~, the polari- 
metric rate in the present cases is not equal, but 
instead represents a lower limit, to the rate of 
ionization. This is because considerable ion pair 
return may occur with retention of cunfiguration . 
However, the present results shed considerable 
light on the behavior of the ionic intermediates in- 
volved. The observed polarimetric : titrimetric 
and titrimetric :exchange ratios show that there 
are carbonium ion pairs from ionization of both 
organic chlorides in acetic acid, or chlorobenzhy- 
dryl chloride even in SOT0 acetone, which lose con- 
figuration and return t o  the covalent condition 

-- 

1 5 )  (a )  R. F. Hudson a n d  €3. Saville, Chc)nislvy aizd Indus fvy ,  1423 
(1964); J .  Chew&. Soc., 4130 (1935); (h) C. G. Swain and hI. h f .  
Krerv<,y, THIS J O C R N A L ,  77, 112% (19Lj5);  (c) E. D. Hiigbe,, C. K. 
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