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Rate con stants di rectly mea sured by GC/MS-analyzed method for re duc tion of haloadamantanes by SmI2

in pres ence of HMPA and H2O were ob tained. HMPA ex hib its stron ger cat a lytic ef fect than H2O does. The re-
sult of faster re ac tion rate of 1-bromoadamantane than that of 2-bromoadamantane can be used to con firm the
for ma tion of alkyl rad i cal as the rate lim it ing step of this re duc tion.

IN TRO DUC TION

A se ries of rate ex am i na tions on re duc tion of or ganic
com pounds in clud ing ke tones, sulfoxides, alkyl halides,
epoxides and es ters by sa mar ium diiodide  has been ac com-
plished pre vi ously.1-5 GC anal y sis was used as the re li able
method to achieve the ki netic mea sure ment in the pres ence of
ox y gen and mois ture-sensitive SmI2. For hav ing a better
anal y sis of re ac tion prod ucts, we fur ther more use GC-Mass
to mon i tor such re ac tions, and the struc tures of the prod ucts
are con firmed. Var i ous haloadamantanes with strains were
cho sen as the tar get com pounds. Be sides mea sur ing the rates
of re duc tion for the strained alkyl halides, the re ac tion mech -
a nism is clar i fied ac cord ing to the struc tural ef fect on re duc-
tion rates.

RE SULTS AND DIS CUS SION

A GC-MS method was de vel oped to de ter mine the con-
cen tra tion of haloadamantanes and mea sure the re duc tion
rates. In or der to min i mize the er rors of sam ple prep a ra tion
and GC-MS anal y sis, dec ane was used as an in ter nal stan -
dard. The re ten tion times of haloadamantane and dec ane
were ap prox i mately 12.8 and 5.0 min., re spec tively. The lin -
ear ity of GC-MS as say was es tab lished by the peak area ra tio
of haloadamantane/dec ane. Good lin ear ity (r2 = 0.99) from
0.3 to 2.0 mM was mea sured. The de tec tion limit of this
newly de vel oped method was about 0.5 M based upon three
times sig nal-to-noise ra tio. The an a lyt i cal pre ci sion of this
method was eval u ated by rep li cated anal y sis of halo ada-
mantane stan dard so lu tions. A to tal of three se ries of sam ples
were an a lyzed over a one-week pe riod and each sam ple was
de ter mined in trip li cate. The intra-day and inter-day preci -

sions showed a co ef fi cient of vari a tion (C.V.) rang ing from
1.0% to 2.4% and 1.1% to 3.4%, re spec tively.

In ad di tion, we also ex am ined the re cov ery of sam ple
prep a ra tion pro ce dure. Known amounts (2.0, 1.0 and 0.3
mM) of 1-bromoadamantane and 1-iodoadamantane were
added in a tetrahyrofuran so lu tion and then ex tracted by the
pro ce dure de scribed in the ex per i men tal sec tion. Good re -
cov er ies rang ing from 91.7% to 98.5% were de ter mined.

For the re ac tion of haloadamantanes re duced by sa mar-
ium diiodide, pseudo-first-order rate con stants were ob tained
by plot ting log(Ct-C ) ver sus time for more than two half-
 lives. Here Ct and C rep re sent the con cen tra tion of halo ada-
mantanes at time t and in fin ity, re spec tively (Fig. 1). The
pseudo-first-order rate con stants were also tested by us ing
dif fer ent ini tial con cen tra tions of the re ac tant (Ta ble 1). Both
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Fig. 1. Pseudo first-order rate plot of SmI2 re duc tion of
1-iodoadamantane; [SmI2] = 7.2  10-2 M,
[H2O] = 4.4  10-1 M, [1-iodoadamantane]o =
2.0  10-3 M, T = 25 C.



cases of bromoadamantane and iodoadamantane re duc tions
ex hibit the same kps with dif fer ent ini tial con cen tra tions of
haloadamantane, i.e., these re duc tions fit per fectly pseudo-
 first- order in these sub strates. Here cat a lysts such as wa ter or
hexamethylphosphoramide were nec es sary for ef fect ing the
re duc tion. In or der to min i mize the ef fect of Sm metal pow -
der on re duc tion rate, sa mar ium diiodide so lu tion was cen tri-
fuged prior to re ac tion. The prod uct was traced and char ac ter-
ized as adamantane with an au then tic sam ple by GC-MS
chro ma tog ra phy.

Both wa ter and hexamethylphosphoramide (HMPA)
cat a lyze this re duc tion. Yet as ex pected, HMPA is more ef fi-
cient than wa ter. How ever, in the pres ence of HMPA, the
pseudo-first-order lin ear plot can be ob tained only for fast re-
ac tions (within 10 min utes) while the cur va ture ap peared for
slow re ac tions. This can be ac counted for by the slow re ac-
tion be tween SmI2 and HMPA.6 Un der our re ac tion con di tion,
we solved this prob lem sim ply by tak ing the ini tial rates for
slow re ac tions since at the be gin ning of the re ac tion, the lin -
ear ity for the first-order re la tion ship still can be ob tained.
Fig. 2 shows the cat a lytic ef fect of H2O on re duc tion of 1-
 iodoadamantane by SmI2. Good lin ear ity was achieved to
give a re la tion ship as fol lows:

kps = k1[H2O]

Since

Rate = kps[1-iodoadamantane]

there fore,

Rate = k1[H2O][1-iodoadamantane]

The slope of the straight line ob tained in Fig. 2 can be used to
cal cu late k1 as 6.3  10-3 sec-1M-1 that is de pend ent on [SmI2]
and tem per a ture. This re sult is con sis tent with Hasegawa and

Curran’s work7 which pre sented ev i dence that wa ter serves
not only as a pro ton source, but can also ac cel er ate cer tain
classes of sa mar ium re duc tions. We, how ever, are able to ob -
tain ab so lute rates in stead of rel a tive rates which were mea -
sured from re ac tant to prod uct ra tios. Fig. 3 shows the cat a-
lytic ef fect of HMPA on re duc tion of 1-bromoadamantane by
SmI2. The in duc tion pe riod of this fig ure can be ex plained by
the slow re ac tion be tween SmI2 and HMPA, i.e., a small
amount of HMPA is con sumed by SmI2. The fol low ing re la-
tion ship can be de rived as

kps = k2[HMPA]

for the lin ear part of this graph.
Since

Rate = kps[1-bromoadamantane]

there fore,
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Table 1a. Dependence of Pseudo-first-order Rate constants on Initial Concentration of
Haloadamantanes

[1-Bromoadamantane]0, M kps
a, sec-1 [1-Iodoadamantane]0, M kps

b, sec-1

4.0 10-3 1.2 10-3 4.0 10-3 3.3 10-3

2.0 10-3 1.3 10-3 2.0 10-3 3.2 10-3

1.0 10-3 1.3 10-3 1.0 10-3 3.3 10-3

a [SmI2] = 6.7 10-2 M; [HMPA] = 9.2 10-2 M; T = 25 C.
b [SmI2] = 6.2 10-2 M; [H2O] = 8.9 10-2 M; T = 25 C.
kps represents pseudo-first-order rate constant.

Fig. 2. De pend ence of wa ter con cen tra tion on pseudo
first-order rate con stant [SmI2] = 7.2  10-2 M,
[1-iodoadamantane]0 = 2.0  10-3 M, T = 25 C.



Rate = k2[HMPA][1-bromoadamantane]

for the lin ear part of this graph, and the slope ob tained can be
used to cal cu late k2 which is de pend ent on [SmI2] and tem per-
a ture. Un der our re ac tion con di tion, k2 is ap prox i mated to be
5.3  10-3 sec-1M-1.

Ei ther H2O or HMPA cat a lyzed re duc tion ex hib its the
re ac tion rates in the in creas ing or der of 1-chloroadaamantane

 1-bromoadamantane  1-iodoadamantane (Ta ble 2). This
rea son able re sult is fully con sis tent with that of un strained
alkyl halides.3

The rates of 1-bromoadamantane and 2-bromo ada-
mant ane were com pared care fully in or der to ex am ine the
mech a nism. Ta ble 3 in di cates 1-bromoadamantane is re-
duced faster than 2-bromoadamantane, i.e., ter tiary bromo -
adamantane re acts with sa mar ium diiodide faster than sec -
ond ary bromoadamantane does. This piece of in for ma tion

con firms that the rate de ter min ing step in volves the for ma-
tion of adamantane rad i cal in stead of an adamantane an ion.

The mech a nism thus can be pro posed as fol lows:

Finally, tem per a ture ef fect was ex am ined (Ta ble 4)
which shows a sim i lar re sult with that of our pre vi ous work,4,5

i.e., this re duc tion is fa vored at higher tem per a tures.

CON CLU SION

In sum mary, by GC/MS an a lyz ing method, we have ob-
tained the pseudo-first-order rate con stants of the re duc tion
of strained mol e cules of haloadamantanes that are less re ac-
tive to ward SmI2 than un strained alkyl halides.3 Rad i cal for -
ma tion is con firmed as the rate de ter min ing step.
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Fig. 3. De pend ence of HMPA con cen tra tion on pseudo
first-order rate con stant [SmI2] = 7.0  10-2 M,
[1-bromoadamantane]0 = 2.0  10-3 M, T = 25
C.

Table 2a. SmI2 Reduction of 1-Haloadamantane

1-Haloadamantane kps
b(H2O catalyzed) kps

c(HMPA catalyzed)

RCl --d 5.1 10-6

RBr 7.5 10-5 1.3 10-3

RI 5.3 10-3 8.0 10-2

a [SmI2] = 7.3 10-2 M; [RX]0 = 2.0 10-3 M; T = 25 C; kps
represents pseudo-first-order rate constant.

b [H2O] = 1.1 M.
c [HMPA] = 6.9 10-2 M.
d too slow to measure.

Table 3a. Structural Effect of Bromoadamantane on Reduction
Rates

Bromoadmantane kps, sec-1

1-bromoadamantane(tert-RBr) 5.4 10-4

2-bromoadamantane(sec-RBr) 3.1 10-4

a [SmI2] = 6.2 10-2 M; [RX]0 = 2.0 10-3 M; [HMPA] = 6.9
10-2 M; T = 25 C; kps represents pseudo-first-order rate
constant.

Table 4a. Temperature Effect on Reaction Rate

T, C kps
b, sec-1

40 1.3 10-3

34 9.3 10-4

24 5.0 10-4

16 2.7 10-4

a [SmI2] = 0.11 M; [1-bromoadamantane]0 = 2.0 10-3 M;
[HMPA] = 6.9 10-2 M.

b kps represents pseudo-first-order rate constant.



EX PER I MEN TAL

Chem i cals
Sa mar ium io dide, dec ane, 1-chloroadamantane, 1- bro-

mo adamantane, 1-iodoadamantane, 2-bromoadamantane and
hexamethyl phosphoramide (HMPA) were pur chased from
Aldrich Chem i cal Com pany, Inc. (Mil wau kee, WI, USA).
Hy dro chlo ric acid and io dine were pur chased from Nacalai
Tesque, Inc. (Kyoto, Ja pan) and Wako Pure Chem i cal In dus-
tries, Ltd. (Osaka, Ja pan). Hex ane was pur chased from Tedia
Com pany (Fairfield, OH, USA). Tetrahydrofuran (THF) was
pur chased from Labscan Ltd. (Dub lin, Ire land). The chem i-
cals were used as re ceived with out fur ther pu ri fi ca tion. THF
was freshly dis tilled and im me di ately trans ferred to a glove
box be fore use.

Gen eral Method
Both ex ter nal and in ter nal stan dards were nec es sary for

quan ti ta tive mea sure ments of haloadamantanes. A HP 6890
se ries GC sys tem with a flame ion iza tion de tec tor (FID), a
HP autosampler (Hewlett Packard Com pany, CA, USA),
HP-5890 seriesII GC sys tem (Hewlett Packard Com pany,
CA, USA), HP 5971A MS (Hewlett Packard Com pany, CA,
USA), and a split/splitless in jec tor were used for anal y sis.
The SISC chro ma tog ra phy data sys tem (Sci en tific In for ma-
tion Ser vice Corp., Tai pei, Tai wan) and a per sonal com puter
were used for data ac qui si tion and pro cess ing. A HP-5 col -
umn (30 m., 0.53 mm i.d., 1.5 m film thick ness, Hewlett
Packard Com pany, CA, USA) was used for sep a ra tion. Most
op er a tions were car ried out in the glove box. All the re ac tions
pro ceeded in a tem per a ture con trolled com part ment in the
glove box. In or der to min i mize the ef fect of free Sm metal in
the SmI2 so lu tion, each set of ex per i ments was con ducted by
us ing the same batch of stock so lu tion.11k The con cen tra tion
of SmI2 was de ter mined by I2 ti tra tion prior to re ac tion. In a
typ i cal ex per i ment, 0.030 mL of the haloadamantanes in hex-
ane or THF was in jected into 5.0 mL of the SmI2 so lu tion and
mixed thor oughly. Sub se quently, at each time in ter val, 0.50
mL of the re ac tion mix ture was trans ferred into 0.50 mL of
hex ane that con tained dec ane and I2. This pro ce dure was to
en sure that the unreacted Sm(II) was quenched by I2. The I2

quench ing so lu tion was freshly pre pared with an equal con -
cen tra tion of SmI2. Af ter the mix ture was re moved from the
glove box, 0.50 mL of a 0.12 M HCl so lu tion was added to
each quenched so lu tion and was mixed by a Virtex mixer. The
so lu tion was set at room tem per a ture un til the or ganic and
aque ous lay ers were well sep a rated. The clear or ganic layer
was then in jected into GC for anal y sis. A cal i bra tion curve
was con structed by plot ting the ra tio of the peak area of the

sub strate to the peak area of dec ane vs. the con cen tra tion of
sub strates. Ex trac tion re cov er ies were also done. Pseudo-
 first-order rate con stants were ob tained by plot ting log(Ct-
 C ) ver sus time for more than two half-lives. Here Ct and C
rep re sent the con cen tra tion of haloadamantanes at time t and
in fin ity, re spec tively.
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