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Abstrlrt-The NMR examination of the I-propanol and 2-propanol obtained from the nitrous acid 
deamination of 2.2-d,-l-propylaminc. and the isotope position rearrangements observed in the I-pro- 
panol fraction from similar deamination studies with I-r-I-propylaminc and I-‘C-I-propylarnine 
showed that about 44% of rhc I-propanol recovered was derived from protonatcd cyclopropane 
intermediates in which all three carbon positions became practicallycquivaknr. A prcviouslysuggatcd 
direct 1,3-hydride shift as well as the possibility of successive 1.2.hydride shifts have been eliminated. 
Consideration of the evidence obtained. together with known data from the literature, suggests 
that equilibration of edge-protonatcd cyclopropancs may be the best reprcscntation of the reactive 
inrcrmediates rqxonsiblc for the observed isotopic rearrangements in the I-propanol from the 
dcamination of I-propylaminc. Probable mcchanisric implications of protonatcd cyclopropana 
arc discussed. 

INTRODUCTION 

THE early work on isotope position rearrangements in the nitrous acid deamination 
of I-l~-l-propylaminc in aqueous perchloric acids reported that the I-propanol 
obtained showed about 8% rearrangement of the “C-label from C-l to C-2 and C-3. 
A I,tmethyl shift in the I-propyl cation, which would locate the rearranged W at 
C-2, was assumed to be responsible for these results. Some years later, this experiment 
was repeated’ with a more complete degradation of the I-propanol and it was reported 
that the 8 % rearranged “C was located entirely at C-3, with no activity at C-2. Such 
a rearrangement could be explained by a I,Ehydride shift or successive 1,Zhydride 
shifts, but the 1,3-shift was preferred. 6 The NMR studies0 on the deamination of 1.1.2, 
2-d,-1-propylamine also led to the suggestion that the isotopic rearrangement observed 
in the I-propanol had resulted “mainly, if not exclusively” from 1,3-hydride shiRs.6.7 

However, the more recent mass-spectral studies* on the deamination of 1,1-d,- or 
2,2-d,-l-propylamine have shown that the earlier conclusion regarding 1,3-shifts was 

1 Presented in part at the 1SOth National Meeting of the Am&can Chemical Society. At)antic city, 

N.J.. September 13-17 (196s). 
* Holder of a Canadian Industries Ltd. Fellowship, 1%364, a Canadian Chemicals Ltd. Fellows~p, 

1964-65 and a National Research Council of Canada Studentship, 1965-66. 
‘J. D. Roberts and M. Halmann. /. Am. Chcm. &c. 75, 5759 (1953). 
d 0. A. Rcutov and T. N. Sharkina, Tcfrtiron, 18, 237 (1962). 
L 0. A. Reutov, Coqqrcss ticlurcs, XlXth lnrernalional Conpss of Pure arad Applied Chrmblry 

pp. 203 227. Butterworth. London (1963). 
0 (i. J. Karabahsos and C. E. Orccch. Jr., 1. Am. Chm. Sot. 84.2838 (1%2). 
r For a review of suggested 1.3-shifts, see N. C. Deno, Progr. Ph.ys. Org. C&m. 2, 129 (1964). 

D G. J. Karabatsos. C. E. Orrcch. Jr.. and S. Meyerson. 1. Am. C/rem. Sot. 87.4394 (1965). 
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in error and that protonated cyclopropane is implicated in the deamination. This 
finding is in complete agreement with the results from the present work which have 
been reported as preliminary communicationse.iO This paper reports the details 
of the studies on the nitrous acid deamination, in aqueous perchloric acid, of the 
perchlorate salts of 2,2-b-l-propylamine (I-2-4), I-r-I-propylamine (I-l-r) and 
I-W-1-propylamine (I- I-i%). 

RESULTS AND DISCUSSION 

Methylmalonic acid was subjected to five successive exchanges with D,O, and 
the resulting material was decarboxylated to give 2,2+propionic acid,ll which was, 
in turn, converted to the amide, reduced with LAH and neutralized with perchloric 
acid to give the perchlorate salt of 1-2-d,. After deamination in aqueous perchloric 
acid,’ the I- and 2-propanol fractions were recovered by preparative VPC and 
examined by NMR. Pertinent portions of the NMR spectra together with the spectra 
of the corresponding protio-analogs are shown in Fig. 1. 

Ro. 1. NMR spectra of various deuttio- and their corresponding protio-compounds. 

A, 40% 2,2-d,-1-propylammonium perchbrMe in D,O; B, neat sampk of d,-1-propanol 

hn dmmination of I-24,; C, neat sampk of d,-tpropanol from dcamhation 
of I-24,. 

If only 1,3-hydride shifts were involved in the formation of isotopically rearranged 
I-propanol, the 4-1-propanol product from deamination of I-2-d, should show no 
increase in C-2 proton absorption. Figure I, A and B, indicate that this is not the case. 
Although the C-2 absorptions appear to be too low to permit accurate and reliable 
integrations, the spectra clearly suggest the qualitative conclusion that the deuterated 
I-propanol product does show stronger C-2 proton absorption (ca. 7 8.45) than the 
C-2 proton absorption of I-2-4 (ca. T 7.86). Apparently, some of the C-2 deuterium 
label has rearranged, presumably to C-l and C-3. 

If successive 1,Zhydride shifts were to play a role in the deamination of I-2-& 
the 2-propanol product obtained should show more C-2 proton absorption than 
1-2-4. From Fig. lC, it is seen that there is no significant increase in the C-2 proton 
absorption (ca. 7 666) for the 2-propanol product, thus effectively eliminating 
successive I,thydride shifts as an important process. Such a conclusion has also 
been reached by Karabatsos et al.‘.’ 

@ C. C. La, J. E. Kruger and E. W. C. Wong. 1. Am. Ch.em. h. 87, 3985 (I%%. 
I* C. C. Lee and J. E. Kruger, 1. Am. Chcm. Sot. 87, 3986 (196s). 
Ifi A. Murray, III and D. L. Williams. Or,utic S)wrhw~ wlrh isoroprs Part II pp. 126s. 1266. 

Intcrscicncx. New York, N.Y. (1958). 
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In order to obtain a more quantitative evaluation of the extents of isotopic 
rearrangements suggested by the NMR studies, the deamination of I-l-r was carried 
out. I-f-r was prepared from the reduction of propionitrile with I-labeled LAN, and 
deaminated in aqueous perchloric acid ? The I-propanol fraction was purified by 
prcparativc VPC and degraded by oxidation, first to propionic acid and then to acetic 
acid.‘* The activity of the propionic acid gave the r-content of C-2 and C-3 and the 
activity of the acetic acid showed the I-content of C-3. Each liquid sample was assayed 
as an appropriate solid derivative which had been repeatedly recrystallized to constant 
specific activity to ensure radiochcmical purity. The results are given in Table I. 
It can be seen that only a relatively small amount of about 3% of the f-label was 
rearranged from C-l to C-2 and C-3, but the rearranged isotope was located at both 
C-2 and C3. This finding establishes that the rearrangement is not due solely to a 
1,3-hydride shift mechanism. 

TABLE 1. Acmvrr~ DATA AHD TRITIUM RLARRANGFMEWS IN THE 

~-PR~PAF;cI~. FROM oFAnt!wnoN 0F I-l-r 

Specific activity, “/dr in 
cpm/mmolc C-2 and C-3 %T in C-3 

conFd* Run Run Run Run Run Run 
-Yd 1 2 I 2 I 2 

-.- _-..- .-_ -_ __ ..-. _._~__ 
G&OH* 3.450,ooo 2,750.ooo 
C,H,COOHC 101,ooo 81,000 2.9 2.9 
CH,COOH’ ss,700 45.400 1.6 1.7 

l Measured by a liquid scintillation counter. 
b Assayed as tbc a-naphthylurethan. 
* Assayed as the pbromophcnacyl ester. 

The isotopic re~rangements observed in the studies with I-2-4 and I-l-t may be 
most logically explained by assuming some involvement of protonated cycfopro- 
pane la-l6 (II) in the deamination reaction. However, the work’ with I-I-W has 
apparently eliminated this possibility since involvement of II would result in the 
location of the rearranged lY= at both C-2 and C-3, not solely at C-3 as reported. 
It is, therefore, of interest to investigate once more the nitrous acid deamination of 
I-1-W in aqueous perchforic acid. I-1-W was prepared from potassium W-cyanide 
as dcscribed.3 After deamination, the I-propanol fraction was purified by VPC and 
degraded according to the procedures’ involving oxidation of the I-propanol to 
propionic acid and then to acetic acid, followed by the conversion of the fatter to 
methylaminc cia the Schmidt reaction. Again, to ensure radiochemical purity, the 
samples were assayed as solid derivatives which had been recrystallized until their 
specific activities were constant. The results, summarized in Table 2, showed that 

about 4 % of the C-l label was rearranged and the rearranged W was almost equally 
distributed at C-2 and C-3. The difference between the presently observed rcarrange- 
ments and the earlier reported higher value of about 8% probabiy may be due to 
lb The degradation procedures were those rcportcd‘ with the exception that. in the oxidation to 

propionic acid, KMNO, in dil H,SO,. instead of in dil Na,CO,aq, was employed in order to mini- 
mize any possibility of hydrogen exchange. 

la R. 1.. Baird and A. Abode&, Terrahedron Lams 2315 (1963). 
I* R. 1,. Baird and A. Abode& f. Am. C&n. .%c. 86,252 (1964). 
lb A. Aboderin and R. L. Baird, J. Am. Chcm. Sot. 86,230 (1964). 
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inadequate purification of some of the compounds in the earlier work.‘.’ For example, 
if the I-propanol were contaminated with some 2-propanol and if the 2-propanol 
were oxidized to acetic acid during the degradation, a higher rearrangement with an 
apparent preponderance of activity at C-3 would result. 

TABLE 2. Acnvrr~ DATA AKD REARRANGEMENTS OF THE ‘Y=-UIIEL IN THE 

I-PROPAWL FROM DFAMISATKW OF I-l-‘% 

Spccitic activity. %‘U: in 
Compd. cpm/mmolc C-2 and C-3 %I% in C-3 
Assayed Run 1 Run 2 Run 1 Run 2 Run I Run 2 

.-- - -.-- - -.. .- _ - - - _-.. _--.. -.- - 
CH,CH,COOH’ 7340 194.700 
CH,COOH’ 297 8,030 4.1 4.1 
CH,NH.’ 109 3,600 1.5 I.9 

l Mcasurcd by a liquid scintillation counter. 
b Assayed as the pbromophenacyl ester. 
l Assayed as N-methyl-prolucncsulfonamide. 

The present results indicate that the major pathway in the formation of I-propanol 
from the deamination of I-propylamine results in no isotopic rearrangement, but 
for that portion of the reaction leading to isotopically rearranged I-propanol, in- 
volvement of a protonated cyclopropane, in which all three carbon positions become 
equivalent or are approaching equivalence, is strongly indicated. On the basis of the 
present results alone, however, it is not possible to differentiate between face- 
protonated cyclopropane Ila or the equilibration of edge-protonated cyclopropanes 
IllA (asterisk denoting an isotopic label, W, D or T). Moreover, the complete 
equivalence of all three carbon positions in the resulting I-propyl product may also 
be explained by the equilibration of methyl-bridged ions IIIa-c.*6 Indeed the 
equilibration between edge-protonated cyclopropanes may proceed ~+a Me-bridged 
ions and oice versa, and interconversions between IllA and IIlas likely occur 
with relative eas~.~~-i~ In the following discussion, some pertinent literature is con- 
sidered in conjunction with the present results in an attempt to give some clarification 
on the relative importance of IIa, Ilb-d and 1IIa-c in the deamination of I-propylamine 
as well as to indicate some possible mechanistic implications of protonated 
cyclopropanes. 
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1’ N. C. Dcno, Lpcru~e~i~w~ or the 152nd Meering, Amcrkan Chemical Society, New York, N.Y.. 
September 12-16 (1966), and by private communications. 
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In 1960, it was reportedly that the deamination of 1-propylamine and the deoxida- 
tion of I-propanol both gave a hydrocarbon fraction consisting of 90% propene and 
10 % cyclopropane. A completely symmetrical pro&mated cyclopropane, Ha, was 
suggested as a possible intermediate. These workers, however, later stated a preference 
for the 1,3-hydride shifP because the I-1-W studies’ had apparently excluded any 
process involving protonated cyclopropane. Sign&ant roles for protonated cyclo- 
propane intermediates were clearly established and reported in an important series 
of papers.*” Thus in the solvolysis of cyclopropane in deuteriosulfuric acid,“ 
deuterium was incorporated into all three positions of the 1-propanol obtained, the 
average distribution in the C-l, C-2 and C-3 positions, respectively, being @38, @17 
and 046 deuterium atom. A mechanism involving both edge-protonated cyclopro- 
panes and Me-bridged ions was proposed, but to account for the experimental 
results, solvolytic ring opening was assumed to occur primarily with the cdge- 
protonated cyclopropanes rather than with Me-bridged ions.” If there were a 
competition between solvolytic ring opening and further scrambling of the isotopic 
label, then the finding of a lesser amount of dtuterium at C-2 would be reasonable 
because incorporation of deuterium into C-2 would rquire more extensive re- 
arrangements from IIb to IId. 

Aboderin and Baird” also reported that the deamination of 3,3,3-&l-propylamine 
(I&Q gave a cyclopropane fraction consisting of 57 % d,cyclopropane and 43 % 
&cyclopropane. These data, when considered in the light of the present results from 
the deamination of I-2-4, I-l-r and 1-1-W. may bc reinterpreted as a confirmation 
of the conclusion that the deamination of 1-propylamine involves protonated cyclo- 
propane intermediates in which all three carbon positions (and all hydrogens) are 
approaching complete equivalence. Since there are four hydrogen and three deutcrium 
atoms in any protonated cyclopropane from 1-3-d,, loss of a proton or a deuteron 
would give rise to d,cyclopropane or &cyclopropane respectively. On purely 
statistical grounds, if the hydrogen and deuterium atoms were quivalent, the ratio 
of &cyclopropane to d,-cyclopropanc should be 4:3, which is almost exactly the 
same as the observed ratio of 57%:43%. It is also of interest to point out that in 
the deoxidation of 1,14-l-propanol, ia the cyclopropane obtained was found to 
contain about 94% d,cyclopropane and only 56% d,-cyclopropane. Under the 
highly basic medium of deoxidation, it is not surprising that hydrogen mixing 
through equilibration of edge-protonated cyclopropanes would compete less effectively 
with deprotonation. 

The question arises as to whether the protonated cyclopropane intermediates in the 
deamination of I-propylamine should be represented by IIa or by the quilibration of 
1Ib-d. From theoretical considerations, Hoffma@ has concluded that the edge- 
protonated structure is preferred. Moreover, a completely symmetrical iotermediate 
IIa cannot account for the data from the solvolysis of cyclopropane in deutcriosulfuric 
acid.” Recent studies in this laboratory on the solvolysis of lJT‘-1-propyl tosylate 
(IV) of high specific activity have shown that formolysis gave a small amount of 
isotopic rearrangement in the resulting I-propyl formate, the distribution of the 

I’ P. S. Skdl and I. Starer. J. Am. Ckm. .SLX. 82, tW1 (l!W). 
” P. S. Skdl and 1. Starer, 1. Am. Chem. .%c. 84.3962 (1962). 
I* R. Hoffmann, /. Gem. Phys. 40.2480 (1%4). 
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rearranged “‘C being 0.15 % and 0.68 %, respectively, in the C-2 and C-3 positionssO 
The unqual distribution of the rearranged isotopic label is not compatible with Ha, 
but an explanation based on the equilibration of I&d is feasible. As in the case of 
solvolysis of cyclopropane, l4 the initially formed edge-protonated cyclopropane from 
IV would be IIb, which would give I-propyl formate with the label at C-l and C-3. 
Further scrambling to IId, possibly uia IIIb, IIc and IIIc, would be rquired in order 
to have the “C located at the C-2 position of the product. If more product is formed 
from the first intermediate IIb, more of the rearranged W would be located at C-3 
than at C-2 as observed. These considerations also argue against product formation 
from quilibrating Me-bridged ions 1IIa-c. In the formolysis of IV, the initially 
formed Me-bridged ion would be IIIa which would give a product with the W-label 
at C-l and C-2. Further rearrangement to IIIb is required to give a product with the 
lC rearranged to C-3. If product formation were more rapid than further rearrange- 
ment, one would expect more of the rearranged r’C at C-2 than at C-3. On the other 
hand, if further rearrangement were faster than product formation,all carbon positions 
would become quivalent and the rearranged “C would be qually located at C-2 and 
C-3. Neither of these possibilities agree with the observed rearranged W distribution 
in the I-propyl formate from the formolysis of IV. It appears that the best representa- 
tions of the product forming protonated cyclopropane intermediates may be the 
quilibrating edge-protonated cyclopropanes. In the deamination reaction, the ener- 
getics of the various species involved may be such that equilibration is more complete 
than in the case of solvolysis. 

Interconversion between edge-protonated cyclopropanes may proceed via Me- 
bridged ions.14*1s In a careful mass spectral study on the deamination of I-14, and 
I-2-4, it was noted8 that among the isotopically rearranged I-propanol, both systems 
gave the same amount of qH,DCHDOH (0%1.0%). One proposed explanation 
suggested that the deamination of I-l-d, and of I-2-4 both first gave the same Me- 
bridged ion V which then further rearranges to edge-protonated cyclopropanes before 

formation of isotopically rearranged I-propanol. If both edge-protonated cyclo- 
propanes and methyl-bridged ions were involved and products could arise only from 
the edge-protonated intermediates, the Me-bridged ions may be of somewhat higher 
energy and may be regarded as transition states in the interconversions between edge- 
protonated cyclopropanes.16 Theoretical calculationP regarding the relative 
stabilities of the Me-bridged ion and the edge-protonated cyclopropane, unfortunately, 
led to apparently inconclusive results. 

From the present experimental data and other results already reported in the 
literature, it may be concluded that the I-propyl cation derived from deamination 
of 1 -propylamine may (1) react with water to give I-propanol without rearrangement 
and deprotonate to propene; (2) undergo irreversible 1,Zhydride shift to the 2-propyl 

u, C. C. Lee and J. E. Kruger, Cunud. 1. Chrm. 44.2343 (1966). 
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cation which will lead to 2-propanol as well as propcne; and (3) give rise to quili- 
brating edge-protonated cyclopropane intermediates which will dcprotonate to cyclo- 
propane and react with water to give I-propanol. If isotopically lab&d I-propylamine 
were the starting material, isotopically rearranged I-propanol would result from the 
process involving quilibrating edge-protonatcd cyclopropancs. Since the total 
isotope position rearrangements from C-l to C-2 and C-3 in the dcamination of 
I-l-1 and 1-I-W amounted to about 34% (Tables 1 and 2), the major portion of the 
I-propanol was formed without rearrangement and only about 4-6 % of the I-propanol 
recovered was derived from equilibrating edge-protonatcd cyclopropancs such as II&I. 
The present results thus have eliminated the possibility of a direct 1,3-hydride shiR 
in the I-propyl cation. It may be worthwhile to rc-cxamine other previously proposed 
1,3-hydride shifts such as those quoted in Refs. 5 and 7. 

In recent years, products having the cyclopropane ring structure have been 
reported in a number of reactions including deoxidation,17*18**1*~ deamination,17*LP-m 
cationic decomposition of tosylhydrazones,W and aprotic diazotization of amines.m 
Protonatcd cyclopropanes likely play a role in these reactions as reactive intermediates, 
and indeed this was the conclusion reached by some of the authors.“*” Finally, 
some comments may be made on the extensively studied 2-norbomyl system. The 
overall 6,thydride shift originally observedts*90 is now generally believed to proceed 
via edge-protonated nortricyclenc (VI). In the acetolysis of exo-Znorbornyl brosylate, 

$2 : .-........ ._ + ,... 
” ii.” 

VI 

previously undetected elimination products have recently been reported as amounting 
4%. and significantly, the composition of this hydrocarbon fraction was found to be 
98 % nortricyclene and 2 % norbomene .*l Evidence has also been presented to indicate 
that the 6,2- (or 6,1-) hydride shift takes place following 1,2-carbon bridging to give 
the norbornonium ion.= Recent studies on the norbomyl cation generated by both 
the c- and n-routes have delineated more clearly the various processes contributing 
to the observed overall isotope position rearrangements.“.” A major portion of the 

W P. S. Skcll and I. Starer, /. Am. Chcm. .Qc. 81. 4117 (1959). 
*I P. S. Skcll and R. J. Maxwell. /. Am. C/tern. .Yoc. 84, 3963 (1962). 
*’ M. S. Silver, 1. Am. Chem. Sot. 82, 2971 (1962). 
a’ M. S. Silver, J. Org. C&m. 28, 1686 (1963). 
*’ W. G. Daubcn and P. Lang, Terrahea’ron Letters 453 (lW3). 
I0 0. E. Edwards and M. Lcsagc, Cumzf. 1. Ckm. 41, 1592 (1963). 
IT L. Fxidman and H. Shehtcr. J. Am. Chrm. Sot. 81.5512 (1959). 
u J. H. Bayless. F. D. Mcndicino and L. Friedman. 1. Am. C&m. Sot. 87, 5790 (1%5). 

*‘J. D. Roberts and C. C. Lee, 1. Am. Chm. &c. 73.5009 (1951). 
w J. D. Roberts. C. C. Lee and W. H. Saunders, Jr., 1. Am. Chum. Sot. 76,450l (1954). 
*I S. Winstein, E. Clippingcr. R. Howe and E. Vogclfangcr. J. Am. C’km. Sot. 87, 376 (1965). 
‘a A. Colter, E. C. Friedrich. N. J. Holncss and S. Winstein. J. Am. Ckm. Sot. 87, 378 (l%5). 
y C. C. La and L. K. M. Lam, 1. Am. Ckm. SOC. 88,2831 (1966). 
u C. C. la and L. K. M. Lam. 1. Am. C&m. Sot. 88. 2834 (1966). 
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solvolysis product arises from the equilibration of carbon-bridged norbomonium ions 
Wax. These equilibrations take place through 6,2-and 6, l-hydride shifts, presumably 
via edge-protonated nortricyclene (VI). In contrast to the I-propyl system where 

WIG VIIa VIIb 

produds are formed from the edge-protonated species, the carbon-bridged ions in the 
norbomyl case may be of greater stability, and a major part of the solvolysis product 
results from reaction of the solvent with norbomonium ions Wax rather than from 
reaction with edgaprotonated nortricyclene. 

EXPERIMENTAL 

:,2d,-Propion& acti.” Ethyl muhylnulonatc” was hydrolyzed in 25% KOH soln to give VIII 
whii after crystallization from ether-pet. ctber, melted at 13f dcc (lit.” mp. 135’ dec). A aampb 
of VIII (35-0 g, @30 mok) was diuolvcd in 30 g D.0 (99*7y’ in a lmml flask and heatal at S5’ 
for 12 hr. The D.0 (amuining some H.0 derived from cxchane) was then evaporated off under 
ylfllum at 55”. with the last (rrar removed by storing the produn OM P.0, in a vacuum daimtor. 
-I-be procedure was repeated sucesivcly 5 times. each time using frcah D,O. afti which cxchango was 
asscntially oompktc as indicated by the NMR spectrum of the resulting IX. 

Compound IX was plsced in a Claisen llask set up for vacuum dbtiUation. Decarboxylation was 
cfTectcd by heating the flask and ita content at 135’ under mild vacuum for 7 hr. The resulting product 
was vacuum distilkd into a raeiver cookd in a Dry Ice-aatone bath. Redistillation over a helix- 
packed column gave 19.2 g (86%) of 2,2-d,-propionic acid, b.p. 138-140” (lit.- b.p. 140”). 

2,2d,-1-propylumine (1-2-d,). The dcutcrated propionic acid was converted to 2,2-&propion- 
amide.” The deutcrated amide (9.75 & 0.13 mok) was added, in small portions, to a rtimd sus- 
pension of 12 g of LAH in 600 ml anhydrous ether in a 2-l. flask equippal with rctlux condo. 
The r&n mixture was stirred at room temp for 40 hr and then decomposed by the addition of 
cold water and IO ‘/. NaOHaq. The volatile materials were tit&d into a receiver containing 12 ml 
of cold and airted 70% 4~eous perchloric rcid. The EKXWC& makrinls were then fractionakd lo 
rcmontheethczandthc m soln was evapor8tcd under red& press at 31Fso”. The residual 
solid was rayratallizd 3 timw from l&xanol-hcptpne, giving 13.7 g (65%) of the perchlorate salt 
of I-2-& np. 166” (lit.’ rap. 167”). 

I-1-l-Propy/um&ne (I-l-1). A suspension of 12.0 g of r-lab&d LAH (containing about 10 mc 
of tritium) in 800 ml of anhydrous ether wu plrcad in a 2-l. Uk cookd in an ia bath and equip@ 
with magnetic xtinu, rdlux con- and dropping funnel. A solo of 24-4 g (O-44 mole) propioniuik 
io 110 ml of anhyd ether WIU added dropw& with stirring. Following this. a further 108 g of ordinary 
LAH was introd& portionwise. Stirring was continued for 3 hr. The raulting mixture wu 
dazomposcd and the product recovered as de&bed under the preparation I-2-d,, 40 ml of 70% 
4ucow perchloric crid being usal to trap tbc amine. The perchlorate salt of I-l-f so obtained. 
mp. 166”. weighed S5.0 g (78’4. 

l-*U=-l-Pr~p@n& (I-l-*9. l-*‘CPropionitrik wu prepared from potassium %qanide 
(about 2 mc.) and Et,SO, aa d~&bcd.~ The reduction of the nitrik to I-l-% was dfSabd in the 
same way as in the preparation of I-l-r, except that the soln of 24.4 g of the nitrik was added dropwise 
to a single suspension of 22.8 g of LAH. The yield of the pc&lorate salt of I-I-‘Cc. mp. 166” was 
53-O g (75 YJ. 

U A. H. Blatt, Ed., Orgmjc S’~J& GA Vol. II, p. 279. Wiley. New York, N.Y. (1943). 
y R. L. Shriner, R. C. Fuson and D. Y. Curtin, ‘Ilu Systematic I&ntljScorion of Orpu’c Conpoudv 

(4th Edition) Wiky, New York, N.Y. (19%). 
” G. E. Philbrook, /. Org. Cium. 19,623 (1954). 



Protonatcd cyclopropanc intermediates in the damination of I-propylaminc 2547 

Lkam&wrrion of 1-2-d,. To a stirred soln of 24*Og (@IS mok) of 2,2-d,-1-propylammonium 
perchlorate in 21 ml of 3S % aqueous pachloric acid, rnaintGncd at 25’ in a water bath, was added 
dropwise over 2 hr nl g (032 mok) of NaNO, dissolved in 32 ml waIer. The reanion mixture was 
stirred for an additional 2 hr at 25”. The soln was then distilled until about 2S ml distillate was 
colkctal. The distillate WBJ tidifkd with HCI and redistilled to remove any cxas~ amine. KF was 
added to salt out the organic layer containing the I-propanol and 2-propanol. This mixture of 
products, after drying OVQ Na,SO,. weighed 3-43 g (37%). Pure I-propanol and 2-propanol were 
obtained by preparative VPC. A preliminary separation was effcctcd in a Beckman GC2A chroma- 
tograph with a 10 fI column p&cd with 20% didccyl phthalate on acid washed chromosorb P. 
J&h of the I-propanol and 2-propanol fractiom was then puriticd ona more by passage through a 
10 fI column packed with 20% Gubowax 20 M on chrcmosorb P, using an Aaograph Autoprep. 
The dcuterati I-propanol and 2-propanol so obtained were exam&d with a Varian Aasocin~cs 
HRIOO spcctrometcr.” 

Deuminorion of I-l-t and 1-l-W. These dcaminations were cfktcd in the same way aa in the 
dcamination of I-2-4, except that in the final isolation of the desired product, some inactive I-propanol 
WBJ added as carrier,- and only one VPC separation using the Cubowax2OMcohuMintk 
Acrograph Autoprep was v. Starting from 27.0 g (@17 mole) of the perchlorate salt of 
I-l-1 or I-l-%, with 1.2 g of inactive I-propanol carrier added. the rccovay of VPC purified active 
I-propanol was about 2.7 g. This was further diluted with inactive carrier to give a suf%icnt amount 
of I-propanol for degradation. 

The experimental conditions used in the dcamina (ion reMions were uscn~ially the same as those 
-reported,* except that in the present case, ptition WBS by preparative WC. and the r-ion 
time was extended to include an additional 2 hr of stirring at 2S” after the dropwisc addition of the 
NaNO,aq has been completed. The yields of I-propanol. wuming a quantitative -very of the 
added carrier. was about 15%. Most probably, under the conditions of nitrous acid dcamination, 
some of the alcohol formed likely has been datroycd. praumably by oxidation, as was obserwd” 
in similar studies. The isotopically lab&d I-propanol obtained from the present experiments likely 
represents the alcohol chat has survived under the present cxperimcn~al conditions. 

Deppxkzrfon of I-proponol from he &&lion of I-l-l or I-I-“Cc. A small amount (about DS g) 
I-propanol from each run was convatcd in the conventional way” to a solid derivative, the a-naphthyl- 
urcthan, m.p. 80” (lit.” m.p. 80”). The remainder of each sample was Arst oxidii by KMnO, 
m dil H$O, to give propionic acid as d&bed .’ The propionic acid was steam distilkd, mut~alized, 
and mvcrcd as sodium propionate. A small portion of each sodium propionatc sample was con- 
verted- topbromopheMEy1 propionatc, m.p. 63” (lit.” m.p. 63”). and the rwnaindcr was utilized for 
oxidation to ACTOH. A control oxidation of an authentic sampk of I-r-1-propanol gave a compktely 
inactive propionic acid derivative, indicating chat this oxidation causes no isotopic rcarran~ls. 

The oxidation of sodium propionate to AcOH was effacted by K.Cr.0, in 18N H,SO, as dcacribcd.~ 
The A&H was steam dbtilkd, ncutrakd and mvcrcd as AcONa, a sample of which was converted 
to pbromophcnacyl acuatc, m-p. 85-86” (lit.- m.p. 8s‘). 

With the I-propanol derived from the dcamination of I-l-W, the AcONa obimd as outlined 
above was furtha degraded cio the Schmidt reaction, as described’ to give MeNH,, rwovercd aa 
the hydrochloride. The MeNH,.HCl was converted ” to a solid daiv, tbc N-methyl-p~olucnuul- 
fonamide, mp. 7s” (lit.” m.p. 7s”). 

All solid derivatives of the various sampks were sublinxd and rcqstallizcd 3 to 6 times to give 
samples of conslanl specific activity for radioactivity assays. 

” The NMR spectra were obtained by G. W. Bigam at ~he University of Alberta through arrange- 
ments with Professor R. U. Lemkux. 

” This expedient was also employed by previous workm:~ 


