
passive nlargllls [for example, hlaine, max- 
imum = 2.2 cm/year (25)] and  mid-ocean 
ridges [for esample, Iceland, maximum = 

6.9 cm/\-ear (26)] illustrates the  influence 
of mantle viscosity and  tectonic setting o n  
the  rate of recol-err. 

T h e  recent discovery of hutnan re~nains 
(9880 i- 59 "C years B.P.) in a cave o n  
Prince of Wales Island (27-29) itn~nediately 
north of the Queen Charlotte Isla~lds ( F I ~ .  
1) highlights the potential for el-entual dis- 
co\-ery of earl\- postglac~al human 
occupation of Gmaii Haanas and the adja- 
cent sub~nerged areas of Hecate Strait. Our  
evidenc_e for marked paleoen1-ironmental 
changes in G ~ v a i ~  Haanas from late-glacial to 
mid-Holocene time otfers insights into the 
distribut~on of habitable landscapes (F~gs. 5 
and 6)  along the northern Northwest Coast. 
Paleobotanical analyses have demonstrated 
that the Northxest Coast was suitable for 
human h a b ~ t a t ~ o n  b\- 13,909 years B.P. (32, 
31).  Stone tools found o n  paleobeach sites 
confirm human occupat~on by 93CC 14C 

years B.P. (Fig. 6).  T h e  lack of evidence for 
human use of the early postglacial la~ldscape 
may be largel\- attributable to the drastic and 
rapid changes..in past sea levels. Gwaii Haa- 
nas coastlines dating from 9309 to 9109 

10 H. LV Josenhans and J. Zevenhu~zen. Geolog~cal 
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from 9109 to SO90 years B.P. are stranded in 
the rainforest sonle 15 111 al.01-e current lev- 
els. In t h ~ s  context, it is interesting that the 
G w a i ~  Haanas H a ~ d a  Indian oral history 
abounds in lege~lds of rap~dly ris~ng seas (32).  

T h e  sea-lei-el curl-e (Fig. 4 )  p r o v ~ d e ~ a n  
important tool that enables archaeologists 
to focus their st~ldies in search of pa- 
leobeaches and paleohabitats (33, 34) .  T h e  
opportunity to locate evidence of h~ l tnan  
actlvlty dating to the  p e r ~ o d  of lolirered sea 
levels may be better solne 159 ktn to the 
east, along the British Columbia coast, 
where isostatic dyna~nics resulted in  coeval 
raised ~llarine depos~ts now situated >299 
m above modern sea level. 
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Mid- to Late Pleistocene Ice Drift in the Western 
Arctic Ocean: Evidence for a Different 

Circulation in the Past 
Jens F. Bischof and Dennis A. Darby 

The provenance of ice-rafted debris (IRD) in four Arctic sediment cores implies that 
icebergs from the northwestern Laurentide ice sheets drifted across the western Arctic 
Ocean along the 180"-0" meridian toward Fram Strait during mid- to late Pleistocene 
deglaciations within the last 700,000 years. This iceberg drift was different from the 
present-day Beaufort Gyre circulation and resembled a dislocated transpolar drift (TPD). 
Sea ice mainly followed the iceberg trajectories but also frequently drifted from the 
Russian shelves eastward into the Amerasian Basin. 

T h e  motion of sea ice in  the  'Arctic 0cea11 
is defined bv the Beaufort Gl-re, a clockwise , , 

circulation in the  western Arctic Ocean,  
and bv the  T P D  in the  eastern Arctic 
Ocean, where ice drifts directly eastlvard 
~ n t o  the  Greenland Sea (Fig. 1 )  (1) .  As  a 
consequence, Ice in the  Beaufort G\-re can 
re~na in  111 the Amerasian Basin for decades. 

Apped  lvlar~ne Pesearch Laborator], Department of 
Oceanography, Old Donilnlon Unl\!erslty, 1 3 4  West 
43th Street, Nodolk, \/A 23329, USA E-mall, jfb100r 
Eo::LI\!~ cc.o::u.e::~~ IJ F 6.) .  da-1 OOf@odu\!m cc odu 
e::u 10 A.D.1 

lvhereas ice in  the T P D  leaves the  Arctic in  
generall\- less than 3 years. Little is known 
about the histor\- of the  Beaufort G\-re, 
which should ha\-e homoge~lized the  IRD 
within the Amerasian Basin. Here, we used 
data from a petrographic and geochemical 
analysis of IRD to show that the d~rections 
of the Ice drift xe re  highly variable ii~lring 
the last 799,000 years and were mostly d ~ f -  
ferent from those of today. 

T h e  provenance of IRD was determined 
for four sedinlent cores-F214, F280, F436, 
and F542-in the xestern Arctic Ocean 
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(Fig. 1). We analyzed the petrographic and 
mineralogic composition of detrital grains 
>250 pm and the mineralogy and geo- 
chemistry of individual opaque Fe oxide 
minerals in the 45- to 250-pm range from 
these cores and in 158 samples from poten- 
tial source areas around the periphery of the 
Arctic Ocean (Fig. 1). All cores were sam- 
pled by cutting l-cm slices of sediment from 
lithologic units M, L, and the upper part of 
K, except for core F542, which was sampled 
only to the upper part of unit L (Fig. 2). 
The chronostratigraphic reference horizon 
is the Brunhes-Matuyama paleomagnetic 
boundary (780,000 years ago) in the middle 
of unit K (2, 3). The western Arctic sedi- 
ments have generally low sedimentation 
rates of -1 mm per 1000 years on average 
(4). The core samples represent a long-term 
sediment record of approximately 780,000 
years in core F436, 630,000 years in core 
F214, 710,000 years in core F280, and 
560,000 years in core F542 (2, 3, 5). 

The source area samples-which con- 
sist of glacial surface till and outwash, 
glaciomarine shelf, and interisland chan- 
nel sediments-represent the composition 
of lithic debris that was available from 
potential source terrains for ice-rafting 
into the Arctic Ocean. We identified 72 
different types of detrital grains >250 pm, 
using optical microscopy, and determined 
the composition of detrital Fe oxide grains 
by reflected-light microscopy and electron 
microprobe (6). We grouped the source 
area clast compositions and Fe oxide geo- 
chemistry data into 18 geographically dis- 
tinct source groups by clustering and dis- 
criminant function analysis (DFA). The 
core data were then compared with the 
source groups by DFA. As a test of DFA, 
we compared the >250 pm grain type 
data of the core samples assigned to a 
particular group directly with the data of 
the source group samples. 

The Arctic Ocean glaciomarine core 
sediments are light yellowish-brown to 
dark olive-gray sandy-silty mud with vari- 
able amounts of coarse, glacial IRD (0.1 to 
21% >250 pm and 2 to 54% >63 pm). 
The IRD composition of grains >250 pm 
is dominated by quartz (57.8% of the 
grains, averaged for all four cores), carbon- 
ate fragments (20.7%), and fragments of 
multicolored crystalline rocks (18.6%). 
Clastic sedimentary rocks (2.4%) and 
cherts (0.5%) are rare. Quartz is most 
abundant on the central Alpha Ridge 
(71.3% in core F436). Carbonate is most 
abundant in core F214, the westemmost 
core (31.5%), and decreases steadily to- 
ward the east (22.4% in F280, 20.5% in 
F436, and 16.0% in F542). Multicolored 
crystalline rocks (mostly gneiss) are most 
abundant in core F542 (40.8%) and aver- 

age <lo% in the other cores. These dif- 
ferences show that the circulation in the 
Arctic Ocean during the last 700,000 
years did not homogenize clast types. 

The carbonate proportion of the IRD is 
low in the lower part of unit L of cores 
F214, F280, and F436 (Fig. 2). It gradually 
rises in F280 and F436 toward the M-L 
boundary before dropping again in the 
middle of unit M. In core F214, the entire 
interval from the middle of unit L to the 
upper third of unit M is an uninterrupted 
carbonate high with percentages over 
30%. The peak value is 60% in the upper 
part of unit L in core F214, and the rela- 
tive amount of carbonate IRD decreases 
from the F214 site northeastward. These 
data imply that carbonate clasts were re- 
placed by increasing amounts of quartz 
toward the northeast. The percentages of 
crystalline rocks in cores F214, F280, and 
F436 rise and fall quasi-in phase with the 
carbonates but show higher frequency un- 
dulations. The IRD composition changes 
are similar to those in five cores from 
other parts of the western Arctic Ocean 
and occur in approximately the same 

9 
/---- 
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stratigraphic levels (7). 
The most important sources of mid- to 

late Pleistocene IRD grains >250 pm for 
the western Arctic Ocean are located in 
the Canadian Arctic Archipelago. Of 271 
analyzed samples, 112 discriminant func- 
tion classifications were obtained from 
northern North America and Greenland, 
as opposed to only 6 from Russia (Fig. 2); 
85 determinations point to Arctic Cana- 
da, mostly to the carbonate-dominated 
area of Banks and Victoria islands (57 
classifications) and the District of Mack- 
enzie (19 classifications). Core F214 re- 
ceived an almost uninterrupted supply of 
carbonate-rich IRD from Banks and Vic- 
toria islands and parts of the District of 
Mackenzie from the middle of unit L to 
the upper part of unit M. The crystalline 
rock-dominated section in the middle to 
upper part of unit M in core F542 origi- 
nated from sources in Ellesmere Island and 
North Greenland. The core with the 
greatest proportion of source determina- 
tions from Banks and Victoria islands is 
F214 (84% of all DFA determinations), 
followed by F280 and F436 (54% and 

Fig. 1. Map of Arctic Ocean and adjacent landmasses with core locations and 1000-m isobath. 
Striped areas are source areas defined by clustering and DFA (6). NEG, North Greenland and North 
Ellesmere Island; AH, Axel Heiberg Island; ER, Ellef Ringnes Island; SE, Southeast Ellesmere Island; 
DL, Devon Island and Lancaster Sound; MB, Melville and Bathurst Island; BV, Banks and Victoria 
islands; Mac, Mackenzie Basin and Delta; and AS, Alaska Shelf. Shaded arrows show present ice 
drift. 
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Fig. 2. Downcore variatons of the weght percentages, composton, and deterlnined sources of R D  
grains >250 pm for each core. Tliere is an Inverse relation betjnleen quartz and carbonates in cores 
F214, F280, and F436, but not n F542. where quartz alternates with cr)/staine rocks, Also, the 
carbonate percentage curves of cores F214, F280, and F436 sliow Increases and decreases in 
approxilnately the same core sections. The carbonate ow in the lojnler part of unit  L s recognized in 
all three cores, as is the subsequent rise to Iigh values at the M - L  boundary. This carbonate hgli is 
of dfferent thickness and is followed by a drop to lninimum values in the mdde  of unit M in cores 
F280 and F436, but not in F214, wliere high carbonate percentages persist unt  near the core top. 
Only the R D  sources wth a probability of >0.95 are displayed clockwise in degrees ongtude froln 
0' (central Fram Strait) to 300'W iKara Sea). The sources of tlie carbonate-rich ntervas in cores 
F214, F280. and F436 are concentrated between 100' and 1 40cW around the Banks and Victoria 
islands and n the Mackenze area. IRD n core F542 1nost1)l orginated from North Greenland and 
northern Ellesmere Island (60' to 80cW),  but also froln other parts of tlie Canadian Arctic Archipelago 
and the Mackenze area. The two quartz-dominated ntervas between 10 and 30 cm and betjnleen 60 
and 75 cm n F436 are   no st Ihkely from the j~estern and central Queen Elizabeth Islands. B/M, 
Brunties-Mat~~yama boundary. 

67?0, respectively). Core FS42 was least 
affected by IRD from Banks and Victoria 
islands. IRD from North Greenland and 
Ellesinere Island drifted to the Fi42 site 
on  the southeastern Alpha Ridge, but not 
to any of the other three core sites. The  
conclusion is that IRD from Ellesmere Is- 
land and North Greenland drifted only a 
short distance offshore northward and 
then turned to the east, toxard Fram 
Strait. The  occasional presence of IRD 
from the Maclzenzie area in F542 indicates 
that,  when ice originated from the Mack- 
enzie region, it must hal'e taken a north- 
eastward route parallel and possibly close 
to the North .American .Arctic continental 
margin. 

Most of the 56% ~llisclassificatiolls 
were obtained ior core inter\.als in which 
IRD grains > 2 i 0  p111 are allnost entirely 
colnposed of quartz. The origin of the 
quartz-rich inter\-als in F436 between 10 
and 30 cm and between 60 and 75 cm, as 
well as those below 5C cln in F542, re- 
nlains uncertain but may be from around 
Ellef Ringnes Island. T h e  colllpositiiin of 
grains > 2 i 0  p m  from Ellef Riilgnes Island 
overlaps with those in the eastern Russian 
Arctic, but DFA of the 20 most abundant 
IRD lithologies of the quartz-Jominated 
core intervals implies that the Kara Sea is 
not a source, and that the Ellef Ringnes 
Island area is a Inore liltely source than are 
the 0 b  and Yenisey estuaries. In addition, 
quart: grains from those rivers are partly 
col-ered by a yellox\-ish-red stain, unlike 
quartz from Ellef Ringnes Island and in our 
Arctic core IRD. 

The  lnost likely sources of Fe oxide IRD 
are Banks and Victoria islands, the Ellef 
Ringnes Island region, and northern Rus- 
sia (Table 1 ) .  T h e  data imply that each 
source contributed fine-grained material 
equally to all four core locations, in con- 
trast to the >25C-pm fraction. The dis- 
crepancy between the sources of the 
>25C-pm IRD and the 45- to 25D-pm Fe 
oxide grains may be because different 
types of ice transported different grain size 
fractions. Large parts of the Laptel~ Sea, 
the East Siberian Sea, and the .Alaska 
Shelf were ne17er glaciated ( a ) ,  and thus 
the high n~unber  of Fe oxide grains from 
these sources probably represents the 
portion of the IRD that was rafted by sea 
Ice. 

The western Arctic Ocean flux rates of 
ice-rafted sedilnent in the cores (D.9 to 2.4 g 
111~' year-') are lower than those under per- 
nlanent ice in the East Greenland current 
(2.9 g mTL year-') (9 ) ,  but the Arctic Ocean 
core sedilnent is ln~lch coarser ( 1 1 .S to 2 1.7 
weight 0'6 >63 p m  on average) than sea ice 
sediment (0.3 to 1.9 weight 96) (10). The 
sand content of our core samples is more 
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similar to that of tills from northern Canada 
(1 1) than to sea ice sediment. Clark and 
Hanson (12) calculated that the present- 
dav sediment accumulation rates for ~ar t i -  
cles transported by icebergs would be' 15.2 
mg m-2 for an Arctic Basin of 6.6 x 
1012 m2. Our calculation for the piston core 
sediment yielded 1.6 g m-2 year-' for a sed- 
imentation rate of 1 mm per 1000 years, 
approximately 100 times the amount that 
presentday icebergs could produce. There- 
fore, the sediment accumulation rates of the 
western Arctic Ocean require more icebergs 
than exist today, plus some input from sea 
ice. We conclude that the western Arctic 
Ocean during the last 700,000 years was 
permanently ice-covered and that its water 
temperatures were comparable to or lower 
than those of today. 

The abundance of Fe oxide grains from 
the Laptev Sea in the western Arctic 
Ocean also implies that the circulation of 
sea ice was different from that of today and 
that the western Arctic Ocean received 
substantial amounts of sea ice sediment 
from northern Russia (East Siberian and 
Laptev seas). This sea ice is largely divert- 
ed to the east bv the TPD todav. The 
proportions of Fe oxide grains from specif- 
ic sources change drastically over core 
intervals of 1 to 3 cm thickness, which 
indicates that the pattern of ice drift dur- 
ing the mid- to late Pleistocene was vari- 
able. The Fe oxide grains also indicate 
that in every case multiple sources con- 
tributed. At most times, more than six 
sources were providing Fe oxide grains. 

On the basis of our IRD composition 
data and the DFA source determinations. 
icebergs must have drifted in arcs from the 
southwestern Canadian Arctic Archipela- 
go and northwest Canada. toward the 
Northwind Ridge and Chukchi Cap area 
and from the Queen Elizabeth Islands to- 
ward the central and southeastern Alpha 
Ridge during the last 700,000 years, while 
sea ice drifted from the Siberian shelves 
toward the western Arctic Ocean with a 
wind-driven circulation different from 
that of today (Fig. 3). All of the identified 
IRD sources in northern Canada and the 
Canadian Arctic Archipelago, and at 
times possibly the entire Canadian Arctic 
Archipelago to the present-day water 
depth of 300 m, were repeatedly buried 
under continental and marine-based ice 
sheets (11, 13-15). Because of the post- 
glacial isostatic rebound (1 6), the relative 
sea level during full glacials was as much as 
100 m higher than today, and glacial ice 
was grounded in water depths of up to 
400 m (14). Therefore, icebergs with keel 
depths of up to 400 m were probably 
present in the glacial Arctic Ocean. The 
ice flow shown in Fig. 3 allowed icebergs 

Table 1. Sources of Fe oxide grains 45 to 250 pm (as percentages of all classified grains) in the Arctic 
cores, as determined by DFA. 

Core composition (grain %) Total 
Source (number 

F214 F280 F436 F542 of grains) 

Unknown sources 12.3 13.7 12.9 14.1 1205 
Ellesmere Island and North Greenland 4.8 4.1 2.0 5.0 347 
Axel Heiberg Island 0.3 - - - 3 
Ellef Ringnes Island 8.0 8.9 6.9 9.0 732 
Southern Queen Elizabeth Islands 9.9 6.2 9.7 6.6 721 
Banks and Victoria islands 15.5 18.6 15.0 24.2 1744 
District of Mackenzie 3.3 2.8 2.7 1.5 201 
Alaska Shelf 7.6 8.4 6.8 7.1 645 
East Siberian Sea 17.9 15.4 20.7 12.6 1463 
Laptev Sea 16.1 16.1 19.4 15.2 1510 
Russia east of Taimyr Peninsula 4.3 5.9 4.0 4.7 408 
North America and Greenland 56.4 56.7 49.4 62.2 4393 
Canadian Arctic Archipelago 40.3 41.7 37.6 50.0 3400 
Northwest Canada 3.7 3.3 3.1 1.7 201 
Russian sources 43.6 43.3 50.6 37.8 3381 

from the Laurentide and Innuitian ice 
sheets to exit the Arctic Ocean directly 
through Fram Strait without multiple ro- 
tations in the western Arctic Ocean. This 
flow pattern is consistent with the domi- 
nant wind directions obtained with cli- 
mate models for the last glacial maximum 
(1 7) and is similar to the cvclonic state of . . 
periodic changes in the wind-driven cir- 
culation during the last 50 years (18). The 
relatively low sedimentation rates and 
weight percentages for all coarse grain 
types >250 Fm in the western Arctic Ocean 
cores F214 and F280 compared with the 
Alpha Ridge cores F436 and F542 (Fig. 2) 
are best explained by rapid ice passage across 
the central western Arctic Ocean. which 
reduced the amount of time available for 
particle release from the ice canopy. 

The icebergs could not have reentered 
the Arctic Ocean near Fram Strait because 
IRD in the eastern Arctic Ocean is differ- 
ent from western Arctic IRD in that it 
contains primarily siltstones, quartzites, 
quartz, and feldspar but only minor quanT 
tities of carbonates (1 9), in contrast to the 
abundance of carbonate clasts in our ana- 
lyzed cores. Abundant carbonate IRD also 
has been reported from the western Fram 
Strait (20) and from the Morris-Jesup Rise 
north of Greenland (21), in the direction 
of our postulated flow of ice toward Fram 
Strait. 

Although the sea ice motion is mainly 
driven by the prevailing winds (22), deep- 
keeled icebergs are more likely affected by 
surface currents. Thus, the surface currents 
within the uppermost several hundred 

Fig. 3. Map of the in- 
ferred surface current- 
driven iceberg drift direc- 
tions from North Ameri- 
can sources (solid ar- 
rows) and concurrent 
hypothesized drift of 
Russian pack ice (bro- 
ken arrows) during gla- 
cial intervals. The sea ice 
drift in the western Arctic 
Ocean was mostly simi- 
lar to the iceberg drift, 
but sea ice occasionally 
drifted from Russian 
sources into the western 
Arctic Ocean along 
paths shown as shaded 
broken arrows. Neither 
scenario is compatible 
with the Beaufort Gyre. 
We infer that relatively 
fast iceberg passage across the central Arctic Ocean accounts for the lower sedimentation rates and the 
lower IRD content in that part of the Arctic Ocean. 
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meters must have been largely similar to the 
reconstructeii icebere drift tracks. T h e  data 

u 

suggest that this s ~ ~ ~ i a c e  current was driven 
by a n  iiiflon. of Yaters from the south into 
tlie Arctic Ocean at iieeper le\.els, probably 
below 10C0 m. This illiplies that sollie form 
of deep-water p rod~~c t ion  similar to the 
present Korth  .Atlantic deep water 
INADW) forillation i l ~ ~ l s t  have been opera- 
tive dunng glaclal periods. It is possible that 
tlie forniation of &.ADXI never com~~lete lv  
stopped ilur~ng glacial intervals, anii that it 
was modifled and occurred in a different Dart 
of the northern North Atlantic than toilay. 
Evidence for.~outlin~ard-flo\vi11g surface cur- 
rents along tlie entire width of the Lorwe- 
gian ani{ Greenlal~d seas during glacial inter- 
\-als exists from the dispersal of coal frag- 
ments of eastern Arctic orioin and clastic " 
sedimentary rocks from the Barents Shelf in 
IRD assemblages of tlie Norwegian Sea ( 19, 
23). Melting of icebergs from the Laurentide 
anii Innultian ice sheets in the Greenlanii- 
Icelanil-Nor~vegian (GIN)  seas co~l ld  liave 
reduceii tlie surface water salinity ancl thus 
affecteii the &.ADXI formation. This process 
coulLl have initiated cold glacial conditions 
and contributeii t6 tlieir lnainte l~al~ce anii 
stabilkation. 
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Synthesis and Characterization of a Stable 
Dibismuthene: Evidence for a Bi-Bi Double Bond 

Norihiro Tokitoh," Yoshimitsu Arai, Renji Okazaki," 
Shigeru Nagase 

Treatment of an overcrowded triselenatribismane, 2,4,6-tris(bis(trimethylsilyl)methyl)- 
phenyl-l,3,5-triselena-2,4,6-tribismane, with hexamethylphosphorous triamide in tolu- 
ene at 100°C resulted in the quantitative formation of a stable dibismuthene 
[TbtBi=BiTbt, where Tbt is 2,4,6-tris(bis(trimethylsilyl)methyl)phenyl], a compound con- 
taining a double bond formed between two bismuth atoms. The compound formed as 
deep purple crystals upon cooling. Ultraviolet-visible and Raman spectra, x-ray crys- 
tallographic structural analysis, and theoretical calculations provided evidence for the 
double bond character of the Bi-Bi bond. 

T h e  svnthes~s  of comnounds containino " 
iiouble bonds between heavy ~ n a i n  group 
elements has stiinulateii wide interest ( 1 )  
because of their ~lnusual  structure and  
properties compared with compounds con- 
tailling second-row elements, such as 
olefins ( R , C = C R 2 ) ,  azo compounds 
( R N = N R ) ,  anii lietolles ( R I C = O ) .  Sev- 
eral stable c o m ~ o u n d s  with a ilouble bond 
between heavier group 14  to  group 16 
elements, such as R2E=ER, [E = S i  ( 2 ) ,  
G e  ( 3 ) ,  S n  ( 4 ,  5)] ,  RE=ER [E = P ( 6 ) ,  As  
(7)], and R2E=X ( E  = Si,  G e ;  X = S, S e )  
(8-10), have been syntliesizeii by taking 
aiivantape of kinetic stablliration affordeii 
by sterically iienianding substituents. Dis- 
tanneries R2Sn=SnR,  have also been syn- 

~ . % k t o h  Y Ara~, R. Okazak Ceca r t~en t  of Chenistql, 
Grad~late School of Scence, Tbe Unverslty of Tokyo, 
7-3-1 Hongo, Btlnkyo-ktl, Tokyo 113, Japan. 
S Nagase, Cepartnieit of Chemstr,, Fac~llty of Sce11ce 
Tokyo Metrocoitan Un\~ersty,  1-1 M ~ ~ T I - o s a v i a .  Ha- 
cho j ,  'okyo '92-03, Japan. 

*'o whom correscondence si-oud be addressed. 

tliesized, but they are knolvn to ilissociate 
into the  correspondilig stallnylene R2Sn:  
in  solution ( 4 ,  5 ,  1 1 ) .  T o  our kno\vledge, 
n o  stable examples containing sixth-row 
elements have been reported. Here we 
report the  synthesis of a stable dibismuth- 
ene,  TbtBi=BiTbt  ( 1 ), prepared by using 
a n  efficient steric protection group 2,4,6- 
tris(bis(trirnethylsilyl)metl~yl)pl~enyl (de- 
noteii as Tb t  hereafter) developed by us 
(12) .  

Cornpounii 1 was prepared by deselena- 
t ion of triselenarribisma~ie 2 x i t h  a phos- 
pliine reagent. T h e  precursor 2 was readily 
synthesized (Fig. 1 )  by nucleophilic sub- 
sti tution of bisniuth tricliloriiie with 
TbtLi,  giving tlie corresponiiing bismuth 
dichloride TbtBiCl, ( 3 ) ,  followed by 
treatment of 3 with Li2Se in  tetrahyiiro- 
f~uran. Triselenatribislnal~e 2 was isolateii 
as a stable crystalline compound by gel 
permeation liquid chrolnatography and 
was t h e n  treated wi th  a n  excess aniount of 
l iexamethylphosphoro~~s triarnide in  tolu- 
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