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(+)-endo-6-Methoxycarbonylbicyclo[ 2.2.lIheptan-2-one 
(30). A solution of 29 g of iodine and 112 g of potassium iodide in 
340 ml of water was added to a solution of 15.0 g of (+) carboxylic 
acid 29 in 680 ml of 0.5 N aqueous sodium bicarbonate solution. 
The mixture was kept overnight at  room temperature and then ex- 
tracted with chloroform. The extract was washed with aqueous so- 
dium thiosulfate, aqueous sodium bicarbonate, and water, and was 
dried over magnesium sulfate. Evaporation of the solvent gave 25.0 
g of 31 (86%), to which 500 ml of 10% aqueous sodium hydroxide 
solution was added. The mixture was boiled for 1 h and then 
cooled with ice. After extraction with chloroform, the extract was 
washed with aqueous sodium thiosulfate and water, and was dried 
over magnesium sulfate. After evaporation of the solvent, the resi- 
due was distilled to give 4.40 g of endo-6-carboxybicyclo[2.2.l]hep- 
tan-2-one: bp 170-172 "C (5 mm); [@IX3D t16.2' (c 0.63, ethanol). 
The carboxylic acid was treated with a solution of diazomethane i s  
ether by the usual manner. Distillation of the product yielded 4.40 
g of 30 (24%): bp 144-146 O C  (20 mm); [a]% +14.1° (c 1.15, etha- 
nol); ir (film) 1750,1735,1220,1195, and 1175 cm-*. 

Anal. Calcd for CgH1203: C, 64.27; H, 7.19. Found: C, 64.09; H, 
7.27. 
(-)-endo-6-Hydroxymethylbicyclo[2.2.l]heptan-2-01 (32). A 

solution of 3.97 g of (+) keto ester 30 in 50 ml of dry ether was 
added to a suspension of 0.95 g of lithium aluminum hydride in 50 
ml of dry ether, and the mixture was refluxed for 4 h. After cooling 
with ice, saturated aqueous ammonium chloride solution was 
added to the chilled mixture and inorganic solid was filtered off. 
The filtrate was washed with water and dried over magnesium sul- 
fate. After removal of the solvent, the residue was distilled to give 
2.51 g of 32 (75%): bp 147 'C (5 mm); [n]15D -1.05" ( c  0.72, etha- 
nol); ir (film) 3300, 1120, 1045, and 1030 cm-I. 

Anal. Calcd for C~H1402: C, 67.57; H, 9.93. Found: C, 67.58; H, 
10.05. 
(-)-2-Oxatricycl0[4.2.1.0~~~]nonane (8). A solution of 1.02 g of 

(-) diol 32 in 5 ml of dry pyridine was mixed with 1.36 g of p-tolu- 
enesulfonyl chloride a t  0-5 "C. After stirring for 2 h a t  this tem- 
perature and keeping overnight a t  room temperature, the solution 
was poured onto ice and acidified with hydrochloric acid. After ex- 
traction with ether, the extract was washed with dilute hydrochlo- 
ric acid, saturated aqueous sodium bicarbonate, and water, and 
was dried over magnesium sulfate. Removal of the solvent gave an 
oily product on which pentane was added. After an immiscible 
substance was discarded, the solution was concentrated to give a 
wax. This was sublimed a t  70-80 "C (5 mm) to yield 220 mg of 8 
(25%): mp 117-119 "C (in a sealed tube); [a]'% -31.7' (c 1.15, 
ethanol); ir (Nujol) 1145, 1130, 1080, 1040, 1005, 990,948, 888, and 
800 cm-'; NMR (CDCl3) 6 1.0-1.5 (m, 4 H), 1.5-2.0 (m, 2 H), 
2.05-2.40 (m, 2 H), 2.50-2.70 (m, 1 H), 3.65-3.90 (m, 2 H), and 
4.20-4.42 (m, 1 H). 

Anal. Calcd for CsHl20: C, 77.37; H, 9.74. Found: C, 77.66; H, 
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The thermal rearrangement of trans- 1-trimethylsiloxy-1-vinylcyclotridec-3-ene (13t), followed by hydrolysis of 
the enol ethers, gives two products in comparable amounts: the 11,3] shift ring-expanded ketone, trans-cyclopen- 
tadec-5-en-1-one (Et) ,  and the [3,3] shift product, 4-vinylcyclotridecanone (14). Unlike the earlier medium-sized 
systems, the ratio of [1,3] shift to [3,3] shift product varies with temperature. The activation parameters for the 
[1,3] shift compare reasonably with similar syskems while those for the [3,3] shift are intermediate between the 
medium-sized ring cases and open-chain systems. 

Previous papers in this series1-3 have described the ther- 
mal rearrangements of a set of compounds exemplified by 
structure lot. The major pathway (>70%) for 10t and for 
two analogues, the cis isomer, lOc, and for the cis nine- 
membered-ring case, 9c, is a [1,3] sigmatropic shift ring ex- 
pansion with retention of the ring double bond stereochem- 

istry (e.g., 1). The [3,3] shift product (e.g., 3) and the [1,3] 
shift product with double bond isomerization (e.g., 2) are 
formed in minor amounts. The cis eight-membered case, 
812, is more complex, in that the kinetically preferred path- 
way is a [1,3] sigmatropic shift ring contraction leading to 
l-trimethylsiloxy-l,2-divinylcyclohexane which can then 
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Table I. First-Order Rate  of Disappearance and Product  
Ratio for  13t M 

Corr coeff Temp, O C "  14/(15 -t 14) lo5 k b  

lot + 

2 

3 
interconvert with the ten-membered ring products that are 
analogous to 1 and 2. The present work was carried out to 
determine whether the same type of two-carbon ring ex- 
pansion is feasible for large ring systems. Such systems 
have less ring strain to be released which could result in a 
higher activation energy which in turn could allow other 
side reactions to compete.3 

Results 

Preparation of trans-1-Trimethylsiloxy-1-vinylcy- 
clotridec-3-ene (13t). A mixture of cis- and trans-cyclo- 
dodecene was converted to cyclododec-2-en-1-01 (4) by 
methods described p rev i~us ly .~  Conversion of 4 to the title 
compound, 13t, used the same steps as were used for the 
ten-membered ring a n a l ~ g u e . ~  Only one isomer (trans by &:;;: - alefl - 2 C,H,MgBr 

2 HCIO, 3 Trl-sll 
aq dioxane 

4 6t 
=\ ,OSiMe, 

13t 
infrared) was observable by gas-liquid chromatography 
(GLC) for 6t or 13t. Photolysis of 6t or 13t produced in 
each case another isomer with somewhat longer retention 
time which was assumed to be the cis isomer. 

Thermolysis of 13t. Heating 13t in evacuated sealed 
ampules (10 mg of 13t per 10 ml ampule) a t  246-299 "C 
gave a smooth conversion to a mixture of rearranged tri- 
methylsilyl ethers which hydrolyzed to trans-cyclopenta- 
dec-5-en-1-one (15t) and 4-vinylcyclotridecanone (14). The 

13t ---+ 2. 1 2  hdr 'a +aO 
14 15t 

structures of 14 and 15t were assigned from their spectral 
data, especially the NMR spectra which were spread apart 
using europium shift reagent, Eu(fod)s. Decoupling experi- 
ments were then performed to show that there were two 
methylene groups between the vinyl moiety and the car- 
bonyl for 14 and three methylenes between the double 
bond and the carbonyl for 15t. The trans nature of the dou- 
ble bond is evident from the infrared spectrum (970 
~ m - ~ ) . ~ , ~  Unlike all previous systems studied, the [3,3] shift 

246.0 72.0 f 0.7 0.70 f 0.05 0.977 
254.1 69 f 1.6 1.34 f 0.08 0.984 
284.4 60 f1 .5  13.3 f 0.6 0.992 
298.6 54 f 0.4 39.0 f 0.5 0,998 

Loe A E. Corr coeff 

Total 13.7 44.9 0.9999 
13t - 15t 15.5 50.3 0.9999 
13t - 14 12.3 41.8 0.9999 

a Determined by a platinum resistance thermometer in a NaN02- 
KN03 fused salt bath. The rate constant is that obtained by a 
least-squares fit of seven to nine data points for each temperature. 
Internal GLC standard experiments indicated a material balance 
of 85% for the pyrolysis-hydrolysis sequence. Duplicate indepen- 
dent rate measurements differed by less than 10%. 

product 14t was dominant and the ratio of 15t to 14 was 
temperature dependent (Table I). That ratio did not 
change measurably during the time required for the kinetic 
measurements but the product enol ethers do slowly inter- 
convert. This was shown by heating four samples to 90% 
conversion a t  246 O C  which gave a 72:28 ratio for 14:15t and 
then heating three of the samples for times up to 19 h at 
289.1 "C at which time the 14:15t ratio was 58:42. The rate 
of interconversion was estimated to be about tenfold less 
than the rate of conversion of 13t. 

No cis isomer of 15 (15c) was observable under normal 
GLC conditions. When 15t was reduced to the alcohol and 
photolyzed a second peak with somewhat longer retention 
time was readily observable. Oxidation back to 15 then 
showed 15t and a shoulder presumed to be 15c when opti- 
mum GLC conditions were used. Analysis of the pyrolysis 
samples either as the ketones or reduced to the alcohols in- 
dicated that little if any (<2%) 15c is formed during the 
first 2 half-lives of reaction of 13t. At much longer reaction 
times a small peak for 15c was observed. 

The rate of conversion of 13t to 14 and 1st was measured 
a t  four temperatures with the results shown in Table I. 
Good first-order behavior was observed. 

Discussion 

The synthesis of 13t follows previous  procedure^^,^ but 
the acid-catalyzed rearrangement of the cyclopropyl alco- 
hol, 5 ,  is still of special interest because no large-ring or 
trans-fused examples have been reported. Since only the 
trans isomer of 6 was formed the stereochemical pattern is 
presumably the same as for the cis medium-sized ring sys- 
tems already s t ~ d i e d . ~ - ~ , ~ , *  The Simmons-Smith reaction 
must be directed to  give the anti i ~ o m e r , ~  trans-anti-5, 
which then rearranges with high stereoselectivity to the 
trans product 6t. We were not able to detect any cis isomer 

A H 1L OH 
4 trans-anti4 6t 

of 4, but if it  were present it must give the cis-anti-5 which 
would also rearrange to form 6t. 

The most prominent difference between the thermolysis 
of 13t and that of the medium-sized ring analogues is that  
approximately half of the reaction leads to the [3,3] shift 
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Table 11. Activation Parameters for Siloxy-Cope 
Rearrangements‘ 

[ 1,3] shift [3,3] shift 

E,, kcal/mol Log A E,, kcal/mol Log A 

8c 53.9 15.9 53.9 15.0 
9c 47.7 14.7 47.7 13.8 

1oc 50.9 15.8 50.9 14.9 
lot 45.1 14.2 45.1 13.3 
13t 50.3 15.5 41.8 12.3 

Derived from earlier data assuming two competitive first-order 
processes. 

product, 14, whereas the medium-ring systems gave less 
than 15% of the [3,3] product. The small percentage formed 
in the medium-sized ring systems probably reflects a con- 
siderable resistance to forming either a chair or boat transi- 
tion state, either of which bring the vinyl group into the 
crowded center of the medium-sized ring. The large ring is 
much more flexible so that the chair (or boat) arrangement 
is much more attainable. The preexponential value mea- 
sured for the [3,3] shift process (1012.3) is similar to those 
for other concerted Cope rearrangements ( 1010-1012)9-11 
strongly suggesting a concerted path. The activation energy 
is considerably higher than normal (41.8 vs. 26-36 kcal/ 
m ~ l ) ~ - ~ l  but is lower than that measured for the “boat” 
(44.7 kcal/m01),~ thus suggesting a chair transition state 
that still encounters some resistance from the ring. 

The above analysis of the [3,3] shift parameters presup- 
poses that the [3,3] and [1,3] shift processes are competing 
parallel first-order reactions. The mechanistic alternative 
that both products arise from a common diradical cannot 
be rigorously excluded. The [1,3] and [3,3] activation pa- 
rameters are derived from rates of product formation and 
thus could represent different transition states leading 
from the diradical to products. In principle the two com- 
peting pathways should show a small curvature in the Ar- 
rhenius plot for total disappearance of 13t. A small curva- 
ture in the correct direction is in fact observed but the 
error limits are too great to be certain that the curvature is 
real. 

I t  is interesting to compare 13t with the medium-sized 
ring systems, 9c, lOc, and lot, where the [1,3] to [3,3] prod- 
uct ratio was not measurably temperature dependent (see 
Table 11). For those systems, either both [1,3] and [3,3] 
shift products arise from a common intermediate or the ac- 
tivation parameters for the two parallel pathways must 
fortuitously give that impression. That could only happen 
if the parameters for the [3,3] shift process are somewhat 
different for 9c, lOc, and 10t than for 1%; in particular the 
preexponential term must be somewhat larger (ca. 1014 vs. 
10l2) which generally indicates a less ordered transition 
state.’* Still it  is not inconceivable that the medium ring 
[3,3] shifts could be concerted since the chair vs. “boat” 
pathways for 1,s-hexadiene show a 100-fold larger preexpo- 
nential term for the higher activation energy process which 
must still be c ~ n c e r t e d . ~  

The [1,3] shift, activation parameters are similar to those 
observed earlier for the medium-sized ring systems. The 
magnitude of these activation parameters suggests a diradi- 
cal; however, earlier stereochemical studies13J4 have shown 
that the activation parameters for certain concerted [1,3] 
shifts are essentially the same as those predicted for a di- 
radical. It has further been argued on theoretical grounds13 
that the diradical should be less favored than the concerted 
path even if that path is “forbidden concerted”, Le., [,2, + 
62s].13915 The present results provide little evidence for or 
against concertedness but they do provide an estimate of 

the extent to which ring strain is released in the transition 
state regardless of mechanism. A straightforward compari- 
son can be made with 10t which only differs in ring size. 
The 13t system has approximately 8 kcal/mol less ring 
strain17 than 10t and exhibits an activation energy which is 
about 5 kcal/mol greater than that for lot. This indicates 
that about 60% (5/s)  of the ring strain is lost in the transi- 
tion state if one assumes no ring strain in a diradical inter- 
mediate or if one assumes that the process is concerted and 
that the products from 13t and 10t have approximately the 
same ring strain. The latter assumption seems reasonable 
since saturated large rings have very little ring strain (no 
data is known for the unsaturated cases). 

One further point of interest is the stereochemistry of 
the ring double bond in the ring expanded product. Reten- 
tion of stereochemistry for 13t is complete within the limits 
of measurement. The medium-sized ring systems, lot ,  lOc, 
9c, and 8c, exhibited loss of stereochemistry of approxi- 
mately 6, 14, 14, and 35%, respectively. The heavy loss of 
stereochemistry for 8c was traced to  a very favorable [1,3] 
shift ring contraction to the six-membered ring divinyl 
compound which can use a facile [3,3] shift to give both cis 
and trans products. That process should be somewhat less 
favorable for 9c, lOc, and 10t which would contract to 
seven- or eight-membered divinyl compounds which would 
have considerably more strain than the six-membered one. 
Contraction of 13t to an 11-membered-ring divinyl com- 
pound would be still less favorable, thus providing a rea- 
sonable explanation for the lack of cis product 13c. 

Experimental Section 

General. Spectral measurements utilized Beckman IR-8, Varian 
Associates HA100, Atlas CH7, and CEC llOB instruments.ls Ana- 
lytical gas-liquid chromatography (GLC) used a Varian Aerograph 
Model 1200 instrument with the following columns: (A) 0.01 in. X 
25 f t  UCON LB 550X capillary; (B) 0.125 in. X 10 ft 10% DEGS on 
60/80 Chromosorb W; (C) 0.01 in. X 50 ft  DEGS PLOTlg capillary. 
trans-Cyclododec-2-en-1-01 (4)  was prepared in 31% yield 

from technical grade cyclododecene by the NBS-solvolysis method 
described earlier.4 The spectra agree with those published.6 
Bicyclo[lO.l.O]tridecan-2-ol ( 5 ) .  A mixture of 18 g of zinc- 

copper couple,20 23 g of methylene iodide, 60 ml of anhydrous 
ether, and a crystal of iodine were stirred under nitrogen while 
heating with an oil bath a t  50 “C. Once the violet color of the zinc- 
copper couple had formed, 20.7 g of alcohol 4 in 65 ml of anhy- 
drous ether was added in 2 min without the reaction becoming vig- 
orous. A second pwtion of methylene iodide (45 g) in 20 ml of an- 
hydrous ether was added over 15 min. Analysis of the reaction 
mixture by GLC (column A, 100 “C) indicated complete reaction 8 
h after final addition of methylene iodide. The flask was allowed to 
cool and the reaction mixture was quenched with saturated ammo- 
nium chloride solution. The reaction mixture was vacuum filtered 
through Celite, which was then washed with ether. The ether layer 
was dried (MgS04) and concentrated. The product was purified by 
liquid chromatography on SilicAR to yield a low-melting white 
solid (11.5 g, 52%): ir (CC4) 3670, 3525, 3070, 3050, 1460, 1455, 
1075, 1025, 985 cm-’; NMR (CC14) 6 0.1-1.0 (m, 4 H), 1.0-2.3 (m, 
19 H), 2.5-2.9 (m, 1 H); mass spectrum, a good analysis was not at- 
tainable because no parent peak could be found, but a P - 18 was 
found at  the proper mass. 
trans-Cyclotridec-3-en-1-01 (6t). A 20.5-g sample of alcohol 5,  

150 ml of 0.12 M perchloric acid, and 585 ml of dioxane were added 
to a 2-1. round-bottom flask, equipped with condensor and mag- 
netic stirrer. The solution was heated, with stirring, to 85 OC. The 
reaction was complete after 3 h (column A, 85 “C). The reaction 
solution was poured into 3 1. of 50:50 ether-pentane and 150 ml of 
water. The organic layer was washed once with a saturated sodium 
bicarbonate solution and once with saturated brine solution, and 
then dried over anhydrous magnesium sulfate. The solvent was 
evaporated, and the residue, upon cooling, was a low-melting white 
wax (20.5 9): ir (CC14) 3400, 1700, 1460, 1445, 973 cm-l; NMR 
(CC14) 6 1.1-1.5 (m, 16 H), 1.6 (s, 1 H),  1.8-2.4 (m, 4 H), 3.4-3.8 (m, 
1 H), 5.2-5.5 (m, 2 H); mass spectrum m/e 196.181 (calcd for 
C1&40, m/e 196.183). 
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trans-Cyclotridec-3-en-1-one (7). A 9.49-g sample (120 mmol) 
of dry pyridine and 150 ml of methylene chloride were combined. 
To  this solution was added 6.00 g (60 mmol) of chromium trioxide 
with stirring.21 After 15 min, 1.96 g (10 mmol) of 6t was added in a 
small amount of methylene chloride. A tarry, black deposit sepa- 
rated immediately. The reaction mixture was allowed to stir for an 
additional 15 min before 50 ml of anhydrous ether was added to 
coagulate the chromium salts. The mixture was gravity filtered, 
and the residue washed with 200 ml of anhydrous ether. The two 
organic phases were combined and washed three times with 100-ml 
portions of 5% aqueous sodium hydroxide, onae with a 100-ml por- 
tion of 5% aqueous hydrochloric acid, once with a 10-ml portion of 
aqueous sodium bicarbonate, once with a 100-ml portion of sktu- 
rated copper sulfate, and once with a 100-ml portion of saturated 
brine solution. The product was dried over anhydrous magnesium 
sulfate and filtered, and the solvent was evaporated. This oil was 
taken on to the next reaction without further purification (crude 
yield 100%): ir (neat) 1710, 1460, 1455, 1360, 972 cm-'; NMR 
(CC14) 6 1.0-1.9 (m, 14 H), 1.9-2.2 (m, 2 H), 2.2-2.5 (t, 2 H), 2.8-3.1 
(d, 2 H), 5.3-5.6 (m, 2 H); mas's speFtkum mle 194.167 (calid for 
C13H220, rnle 194.168). 

trans-1-Vinylcyclotridec-3-en-1-01 ( 8 ) .  A 5.7-g (0.029 mol) 
sample of 7 was treatea with .vinylmagnesium bromide as de- 
scribed earlier' which gave 5.9 g (91%) df a viscous yellow"oi1: ir 
(neat) 3450, 3125, 1640, 1460, 1445, 1420, 1125, 1070, 980 cm-'; 
NMR (CC14) 6 1.0-1.7 (m, 16 H): 1.7-2.1 (m, 2 H) ,  2.1-2.2 (d, 2 H),  
2.4-2.6 (9, 1 H), 4.8-6.3 (m, 5 H); mass spectrum mle 222.198 
(calcd for ClbH260, mle 222.198). 
trans-1-Trimethylsiloxy-1-vinylcyclotridec-3-ene (13t). 

This compound was prepared from 8 by the procedure outliqed 
earlier.' The product was vacuum transferred a t  0.25 mm in an Al- 
drich Kugelrohr apparatus (100 OC air bath) to give 13t: ir (CC14) 
3110, 1455, 1415, 1225, 1055, 975, 920, 835 cm-l; NYR (cc14) 6 
0.9-1.7 (m, 16 H), 1.7-2.1 (m, 2 H),  2.1-2.3 (d, 2 H), 2.4 (s, 10 H), 
4.8-6.3 (m, 5 H); mass spectrum mle 294.230 (calcd for C15H340Si, 
mle 294.237). 

Ampule Pyrolysis of trans-1 -Trimethylsiloxy-1 -vinylcyclo- 
tridec-3-ene (13t). Pyrex ampules (10 ml) were washed'with ace- 
tone, water, and concentrated ammonium hydroxide, then dried 
overnight a t  120 "C in an oven. In a typical analytical run, a 10-pl 
sample was added to an ampule, which was the? evacuated a t  0.1 
mm for 30 min and sealed. The ampule was placed in an aluminum 
block oven maintained by a ProporkionNul temperature controller 
or in a fused salt bath maintained by a Bailey tempera'ture control- 
ler. The above procedure was also used with larger ampules (65 
and 250 ml) using proportionately larger sample sizes. Unlike most 
earlier systems, higher ratios of compound to ampule size gave de- 
creased yields. The reaction mixture was hydrolyzed as before' and 
analyzed on columns 3 or !2. I t  was found that under some condi- 
tions partial hydrolysis occurred spontaneously during pyrolysis. 

S t ruc tura l  Assignment for 4-Vinylcyclot~idecanone (14). 
The structure was assigned by spectral properties: ir (CC14) 3110, 
1790, 1709, 1645, 1460, 1440, 1350, 1250, 1220, 905 cm-l; NMR 
(CC14) 6 1.1-1.4 (m, 14 H), 1.4-1.8 (m, 4 H), 1.8-2.2 (m, 1 H),  2.3- 
2.5 (m, 4 H), 4.9-5.8 (m, 3 H); mass spectrum m/e 222.196 (calcd 
for C15H260, m/e (222.198). Europium shift studies combined with 
decoupling experiments support the assignment of the vinyl group 
to the 4 position. 

S t ruc tura l  Assignment for Cyclopentadec-5-en-1-one (15t). 
The structure was assigned by spectral properties: ir (CC14) 1790, 
1709, 1455, 1365,1215,970 cm-l; NMR (cc14) 8 1.1-1.5 (m, 12 H), 
1.5-1.8 (m, 4 H), 1.8-2.2 (m, 4 H), 2.2-2.5 (m, 4 H),  5.2-5.4 (m, 2 
H); mass spectrum rnle 222.196 (calcd for C15H260, m'le 222.198). 
Europium shift studies combined with deqoupling experiments 
support the assignment of the double bond to the 5 position. 

Photolysis of trans-Tsimethylsiloxycyclotridec-3-ene (4- 
TMS). A solution of 100 mg of 4-TMS in 10 ml of benzene was ir- 
radiated for 1 h in a quartz tube in a Rayonet photochemical reac- 
tor. After hydrolysis as above, this produced ca. a 70:30 mixture of 
4 and a slightly longer retention time component, which we pre- 
sume to be the cis isomer (column A, 110 "C). 

Photolysis of 13t. A solution of 10 pl of 13t in 2 ml of benzene 
was irradiated for 1 h as above. This produced an 87:13 mixture of 
13t and a slightly longer retention time component which we pre- 
sume to be the cis isomer (column C, 135 OC). 

Photolysis of 15t. Ketone 15t was reduced with lithium alumi- 
num hydride to cyclopentadec-5-en-1-01. A 20-mg sample was pho- 
tolyzed in benzene for 50 min. This produced ca. an 87:13 mixture 
of the starting alcohol and a slightly longer retention time compo- 
nent which we presume to be the cis isomer (column C, 135 "C). 

Kinetic Experiments. A series of 10-ml ampules were intro- 
duced into a NaN02-KN03 fused salt bath which was maintained 
by a Bailey Model 124 proportidnal controller. Ampules were re- 
moved a t  apprapriate intervals and quenched in the draft of a 
fume hood. Each ampule was hydrolyzed and analyzed on column 
C. The logarithm of the ratio of the alcohol 13t over the sum of 13t, 
14, and 15t was plotted vs. time and analyzed by least squares. 
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